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1. 

BPOLAR HOSTS FOR LIGHT EMITTING 
DEVICES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Patent Application No. 61/735,478, filed Dec. 10, 2012, 
which is incorporated by reference herein in its entirety. 

BACKGROUND 

1. Field 

This invention relates to compounds for use in organic light 
emitting diodes. Such as for host materials. 

2. Description of the Related Art 
White organic light emitting devices (WOLEDs) have 

attracted much attention and been intensively studied due to 
their potential applications as backlight sources, full color 
displays, and general lighting. Among various device con 
figurations to produce white light, a single-emissive-layer 
device employing phosphorescent materials in combination 
with proper host materials is desirable. Some advantages of 
Such a device may include reduced overall cost, increased 
quantum efficiency, and easier fabrication. Since phosphores 
cent emitters can harvest both singlet and triplet excitons, use 
of phosphorescent emitters in WOLEDs may lead to the 
potential of achieving 100% internal quantum efficiency. 
Adding host materials may also reduce concentration 
quenching of the emissive materials and further increase the 
efficiency. In addition, adding host materials can reduce the 
required amount of expensive emissive material, and the fab 
rication of a single layer device is easier and more cost effec 
tive than a multiple layer device. As a result, the single 
emissive-layer device with phosphorescent and host 
materials can lower the overall cost of fabricating the 
WOLEDS. 

SUMMARY 

Some embodiments include a compound represented by 
Formula 1: 

HT-Phil-Ph2-ET (Formula 1) 

wherein Ph' and Phare independently optionally substituted 
o-phenylene; HT is optionally substituted phenylcarbazolyl, 
optionally Substituted (phenylcarbazolyl)phenyl, optionally 
Substituted 4-(phenylnaphthylamino)phenyl, or optionally 
substituted 4-(diphenylamino)phenyl; and ET is optionally 
substituted benzimidazol-2-yl, optionally substituted benz 
imidazol-2-ylphenyl, optionally substituted di(benzimida 
Zol-2-yl)phenyl, optionally substituted benzothiazol-2-yl, 
optionally substituted benzothiazol-2-ylphenyl, optionally 
substituted di(benzothiazol-2-yl)phenyl, optionally substi 
tuted benzoxazol-2-yl, optionally substituted benzoxazol-2- 
ylphenyl, optionally Substituted di(benzoxazol-2-yl)phenyl, 
optionally substituted 3,3'-bipyridin-5-yl, optionally substi 
tuted quinolin-8-yl, optionally substituted quinolin-5-yl, or 
optionally substituted quinoxalin-5-yl. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
Some embodiments provide a compound represented by 

Formula 2: 

(Formula 2) 

wherein R', R. R. R. R. R. RandR, are independently 
H, C-C alkyl, or C perfluoroalkyl; HT is optionally sub 
stituted carbazoyl, optionally substituted phenylcarbazolyl, 
optionally Substituted (phenylcarbazolyl)phenyl, optionally 
Substituted phenylnaphthylamine, or optionally Substituted 
diphenylamine; and ET is optionally substituted benzimida 
Zol-2-yl, optionally substituted benzothiazol-2-yl, optionally 
substituted benzoxazol-2-yl, optionally substituted 3,3'-bipy 
ridin-5-yl, optionally Substituted quinolin-8-yl, optionally 
Substituted quinolin-5-yl, and optionally Substituted quinoxa 
lin-5-yl. 
Some embodiments also include optionally substituted 

N-phenyl-N-(4"-(1-phenyl-1H-benzodimidazol-2-yl)-1, 
1":2", 1":2", 1"-quaterphenyl-4-yl)naphthalen-1-amine; 
optionally substituted 9-phenyl-3-(4"-(1-phenyl-1H-benzo 
dimidazol-2-yl) 1,1':2", 1"-terphenyl-2-yl)-9H-carbazole; 
optionally substituted 3-(3".5"-bis(1-phenyl-1H-benzod 
imidazol-2-yl)-1,1':2", 1"-terphenyl-2-yl)-9-phenyl-9H-car 
bazole; optionally substituted 2,2'-(2"-(9-phenyl-9H-carba 
Zol-3-yl)-1,1'2", 1"-terphenyl-3,5-diyl)bis(benzod 
oxazole); optionally substituted 3-(4"-(1-phenyl-1H-benzo 
dimidazol-2-yl)-1,1':2", 1"-terphenyl-2-yl)-9-(p-tolyl)- 
9H-carbazole; or optionally substituted 9-phenyl-3-(4"-(1- 
phenyl-1H-benzodimidazol-2-yl)-1,1'2", 1":2", 1"- 
quaterphenyl-4-yl)-9H-carbazole. 

These compounds can be used in light-emitting devices, 
e.g. as host compounds. 

Other embodiments provide an organic light-emitting 
diode device comprising a cathode; an anode; a light-emitting 
layer disposed between and electrically connected to the 
anode and the cathode; a hole-transport layer between the 
anode and the light-emitting layer; and an electron-transport 
layer between the cathode and the light-emitting layer; 
wherein at least one of the light-emitting layer, the hole 
transport layer and the electron-transport layer comprise a 
host compound described herein. 

Other embodiments provide an organic light-emitting 
diode device comprising: a cathode; an anode; and a light 
emitting layer disposed between and electrically connected to 
the anode and the cathode; wherein the light-emitting layer 
comprises a host compound described herein. 

These and other embodiments are described in greater 
detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic of a device incorporating an embodi 
ment of a compound described herein. 

FIG. 2 is a schematic of a device incorporating an embodi 
ment of a compound described herein. 

  



US 9,112,159 B2 
3 

FIG.3 is a current density versus voltage plot of an embodi 
ment of the light-emitting device incorporating an embodi 
ment of a compound described herein. 

FIG. 4 is a current density versus voltage plot of an embodi 
ment of the light-emitting device incorporating an embodi 
ment of a compound described herein. 

DETAILED DESCRIPTION 

The use of effective host materials can be helpful in making 
efficient WOLEDs. A host may be improved if it transports 
both holes and electrons efficiently at the same speed. A host 
may also be improved if its triplet energy is high enough to 
effectively confine the triplet excitons on the guest molecules. 
Some host materials are a mixture of hole-transport material 
and electron-transport material, which may pose potential 
problems such as phase separation, aggregation and lack of 
uniformity, and unequal material degradation rates. Thus, 
development of an ambipolar single molecule (i.e., a mol 
ecule capable of transporting both holes and electrons effec 
tively) for a host material would be useful. 
Some ambipolar single molecule hosts have been used in 

either single color or white OLED device applications. How 
ever, these molecules have either unbalanced hole-transport 
and electron-transport properties, or the devices made from 
these molecules have only moderate efficiency. 

Thus, there is a need for a new type of ambipolar host that 
can be easily synthesized, possesses high thermal and elec 
trochemical stability, and has well balanced hole-transport 
and electron-transport mobility when used as a host for phos 
phorescent emissive materials. Such a host may be used to 
achieve a simple device structure with high quantum effi 
ciency and low turn-on voltage. 

Unless otherwise indicated, when a compound or chemical 
structural feature Such as aryl is referred to as being "option 
ally substituted, it includes a feature that has no substituents 
(i.e. unsubstituted), or a feature that is “substituted,” meaning 
that the feature has one or more substituents. The term "sub 
stituent has the broadest meaning known to one of ordinary 
skill in the art, and includes a moiety that replaces one or more 
hydrogen atoms in a parent compound or structural feature. 
The term “replaces” is merely used herein for convenience, 
and does not require that the compound be formed by replac 
ing one atom with another. In some embodiments, a Substitu 
ent may be an ordinary organic moiety known in the art, 
which may have a molecular weight (e.g. the sum of the 
atomic masses of the atoms of the substituent) of 15 g/mol to 
50 g/mol, 15 g/mol to 100 g/mol, 15 g/mol to 150 g/mol, 15 
g/mol to 200 g/mol, 15 g/mol to 300 g/mol, or 15 g/mol to 500 
g/mol. In some embodiments, a Substituent comprises, or 
consists of 0-30,0-20, 0-10, or 0-5 carbon atoms; and 0-30, 
0-20, 0-10, or 0-5 heteroatoms, wherein each heteroatom may 
independently be: N, O, S, Si, F, Cl, Br, or I; provided that the 
substituent includes one C, N, O, S, Si, F, Cl, Br, or I atom. 

Examples of substituents include, but are not limited to, 
hydrocarbyl, Such as alkyl, alkenyl, alkynyl; heteroalkyl, 
including any alkyl wherein one or more heteroatoms 
replaces one or more carbonatoms, and some accompanying 
hydrogen atoms (e.g. N replaces CH, O replaces CH, Cl 
replaces CH, etc.). Such as alkoxy, alkylthio, haloalkyl, 
haloalkoxy, amino, etc.; heteroalkenyl, including any alkenyl 
wherein one or more heteroatoms replaces one or more car 
bonatoms, and some accompanying hydrogenatoms, such as 
acyl, acyloxy, thiocarbonyl, alkylcarboxylate, O-carbamyl. 
N-carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-amido, 
N-amido, Sulfinyl, isocyanato, isothiocyanato, etc.; het 
eroalkynyl, including any alkynyl wherein one or more het 
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4 
eroatoms replaces one or more carbon atoms, and some 
accompanying hydrogen atoms, such as cyano, thiocyanato, 
cyanato: aryl; heteroaryl; hydroxy, aryloxy; thiol; halo; 
S-sulfonamido: N-sulfonamido; nitro, silyl; sulfonyl; triha 
lomethanesulfonyl; trihalomethanesulfonamido; etc. In some 
embodiments, a Substituent may be optionally Substituted 
alkyl, —O-alkyl (e.g. —OCH —OCH5, —OCH7 
—OCH, etc.). —S-alkyl (e.g. —SCH. —SCHs. 
—SCH, -SCH, etc.), NR'R", -OH, -SH, -CN, 
—NO, or a halogen, wherein RandR" are independently H 
or optionally substituted alkyl. 

For convenience, the term “molecular weight’ is used with 
respect to a moiety or part of a molecule to indicate the Sum of 
the atomic masses of the atoms in the moiety or part of a 
molecule, even though it may not be a complete molecule. 
The term benzimidazol-2-yl refers to the ring system: 

O 
The term “benzimidazol-2-ylphenyl refers to the ring sys 

tem: 

The term “di(benzimidazol-2-yl)phenyl refers to the ring 
system: 

HN 

eN 

N 

O) N 
In some, the benzimidazol-2-yl may have a substituent 

group R as shown below: 

N 

O) N s 

R7 

wherein R is H, C-C alkyl, or optionally substituted aryl, 
including, but not limited to phenyl and naphthyl. If R is 
phenyl, the ring system can be referred to as 1-phenylbenz 
imidazol-2-yl. 
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The term benzoxazol-2-yl refers to the ring system: The term "quinolin-5-yl” refers to the ring system: 

OC) - N 
S 

The term “benzoxazol-2-ylphenyl refers to the ring sys- to 
tem: The term "quinoxalin-5-yl refers to the ring system: 

N o 

15 )-K) 
O N 

su 
The term “di(benzoxazol-2-yl)phenyl refers to the ring 2O 

system: The term “carbazolyl refers to the ring system: 

25 

eN s 
30 

N 

O N which includes, but is not limited to 
O 

35 

The term benzothiazol-2-yl refers to the ring system: 
40 

N 

OC) – S wherein R' can be independently H, optionally substituted 
C-C alkyl, or C perfluoroalkyl. 45 
The term “phenylcarbazolyl refers to the ring systems: 

The term “benzothiazol-2-ylphenyl refers to the ring sys 
tem: 

C-C, 
The term "quinolin-8-yl” refers to the ring system: 
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wherein R' can be H, optionally substituted C-C alkyl, or 
C. perfluoroalkyl. 
The term “phenylcarbazolylphenyl refers to the ring sys 

tem: 

The term “4-(phenylcarbazolyl)phenyl refers to the ring 
system: 

The term "diphenylamine” refers to the ring system: 

so 
The term “phenylnaphthylamine” refers to the ring system: 

'S 
The term “4-(phenylnaphthylamino)phenyl refers to the 

ring system 

opo 

C 
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8 
The term “4-(diphenylamino)phenyl refers to the ring 

system: 

The term “o-phenylene' refers to: 

CA 
The term “1.3 interphenylene' refers to the ring system: 

of 
The term “1.4 interphenylene' refers to the ring system: 

( ) - 
The term “perfluoroalkyl refers to fluoroalkyl with a for 

mula CF for a linear or branched structure, wherein n is 
any integer, Such as 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10, e.g., CF 
C2Fs, CF7, CaFo, CSF, CFs, etc., or CF2, for a cyclic 
Structure, e.g., cyclic CF6, cyclic CFs, cyclic CSFlo, cyclic 
CF, etc. In other words, every hydrogen atom in alkyl is 
replaced by fluorine. For example, while not intending to be 
limiting, C. perfluoroalkyl refers to CF, CFs, and CF, 
isomers. The term “perfluoroalkyl refers to fluoroalkyl with 
a formula CF for a linear or branched structure, e.g., CF 
C2Fs, CF7, CaFo, CSF1, CFs, etc., or CF2, for a cyclic 
Structure, e.g., cyclic CF6, cyclic CFs cyclic CSFlo, cyclic 
CF, etc. In other words, every hydrogen atom in alkyl is 
replaced by fluorine. For example, while not intending to be 
limiting, C. perfluoroalkyl refers to CF, CFs, and CF, 
isomers. 

With respect to Formula 1, Ph' is optionally substituted 
o-phenylene. If the o-phenylene is Substituted, it may have 1, 
2, 3, or 4 substituents. Any substituent can be included on the 
o-phenylene. In some embodiments, some or all of the Sub 
stituents on the o-phenylene may have: from 0 to 15 carbon 
atoms and from 0 to 10 heteroatoms independently selected 
from: O, N, S, F, Cl, Br, and I; and/or a molecular weight of 15 
g/mol to 500 g/mol. For example, the substituents may be 
Co alkyl. Such as CH, CH5, CH 7, cyclic CHs, C.Ho. 
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cyclic CH 7, C5H1, cyclic C5Ho, C.H., cyclic CH, etc.: 
Coalkoxy; halo, such as F, Cl, Br, I: OH: CN: NO; C. 
fluoroalkyl. Such as CF, CFH, CFs, etc.; a Coester Such 
as —OCCH. —COCH, —OCCHs —COCHs. 
—OC-phenyl, -CO-phenyl, etc.; a Co ketone such as 
—COCH, COCHs —COCH7, —CO-phenyl, etc.; or a 
Coamine such as NH, NH(CH), N(CH), N(CH)CHs. 
etc. In some embodiments, any Substituents of the o-phe 
nylene are C alkyl or C. perfluoroalkyl. 

With respect to Formula 1, in some embodiments Ph' is: 

R4 

With respect to Formula 1, Phi is optionally substituted 
o-phenylene. If the o-phenylene is Substituted, it may have 1, 
2, 3, or 4 substituents. Any substituent can be included on the 
o-phenylene. In some embodiments, some or all of the Sub 
stituents on the o-phenylene may have: from 0 to 15 carbon 
atoms and from 0 to 10 heteroatoms independently selected 
from: O, N, S, F, Cl, Br, and I; and/or a molecular weight of 15 
g/mol to 500 g/mol. For example, the substituents may be 
Co alkyl. Such as CH, CH5, CH 7, cyclic CHs. CHo. 
cyclic CH 7, C5H1, cyclic C5Ho, C.H., cyclic CH, etc.: 
Coalkoxy; halo, such as F, Cl, Br, I: OH: CN: NO; C. 
fluoroalkyl. Such as CF, CFH, CFs, etc.; a Coester Such 
as —OCCH. —COCH, —OCCHs —COCHs. 
—OC-phenyl, -CO-phenyl, etc.; a Co ketone such as 
—COCH-COCHs —COCH, CO-phenyl, etc.; or a 
Coamine such as NH, NH(CH), N(CH), N(CH)CHs. 
etc. In some embodiments, any Substituents of the o-phe 
nylene are C alkyl or C. perfluoroalkyl. 

With respect to Formula 1, in some embodiments, Phi is: 

Some embodiments include a compound represented by 
Formula 2 or 3: 

Formula 2 
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10 
-continued 

Formula 3 

With respect to Formula 1, 2, or 3, HT is an optionally 
substituted phenylcarbazolyl, optionally substituted (phenyl 
carbazolyl)phenyl, optionally Substituted 4-(phenylnaphthy 
lamino)phenyl, or optionally substituted 4-(diphenylamino) 
phenyl. If HT is optionally substituted phenylcarbazolyl, it 
can have 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, or 12 substituents. 
If HT is optionally substituted (phenylcarbazolyl)phenyl, it 
can have 0,1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, or 16 
substituents. In some embodiments, HT is optionally substi 
tuted 4-(phenylcarbazolyl)phenyl. If HT is optionally substi 
tuted 4-(phenylnaphthylamino)phenyl, it can have 0, 1, 2, 3, 
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, or 16 substituents. If HT 
is optionally substituted 4-(diphenylamino)phenyl, it can 
have 0, 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, or 14 substituents. 
Any substituent can be included on HT. In some embodi 
ments, some or all of the substituents on HT may have: from 
0 to 15 carbon atoms and from 0 to 10 heteroatoms indepen 
dently selected from: O, N, S, F, Cl, Br, and I; and/or a 
molecular weight of 15 g/mol to 500 g/mol. For example, the 
Substituents may be Coalkyl, such as CH, CH, CH 7. 
cyclic CH5, C-Ho, cyclic CH 7, C5H1, cyclic C5Ho, CHs. 
cyclic CH, etc.; Coalkoxy; halo, such as F, Cl, Br, I, OH: 
CN:NO: C. fluoroalkyl, such as CF, CFH, CFs, etc.; a 
Co ester such as —OCCH, -COCH —OCCHs. 
—COCHs —OC-phenyl, -CO-phenyl, etc.; a Co 
ketone such as —COCH, —COCHs —COCH7, —CO 
phenyl, etc.; or a Co amine Such as NH2, NH(CH), 
N(CH), N(CH)CHs, etc. In some embodiments, HT has 
electron withdrawing Substituents, including any group that 
can withdraw electron density from the parent ring system, 
Such as NO, CN, C-acyl, Ce alkylcarboxylate, Ce fluo 
roalkyl, F, Cl, etc. In some embodiments, any Substituents of 
HT are C alkyl or C perfluoroalkyl. 
With respect to Formula 1, 2, or 3, in some embodiments 

HT is: 

R15 
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With respect to Formula 1, 2, or 3, in some embodiments 
HT is: 

With respect to Formula 1, 2, or 3, in some embodiments 
HT is: 

R48 R49 

R47 R50 
R18 

R46 
N 

43 

R19 
44 
R R42 

In another embodiment, HT can be: 

N ( ) s 

OC 
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-continued 

C 
N s 

pot 
With respect to Formula 1 or 2. ET is optionally substituted 

benzimidazol-2-yl, optionally substituted benzimidazol-2- 
ylphenyl, optionally substituted di(benzimidazol-2-yl)phe 
nyl, optionally Substituted benzothiazol-2-ylphenyl, option 
ally substituted benzoxazol-2-ylphenyl, optionally 
substituted di(benzoxazol-2-yl)phenyl, optionally substi 
tuted 3,3'-bipyridin-5-yl, optionally substituted quinolin-8- 
yl, optionally Substituted quinolin-5-yl, or optionally Substi 
tuted quinoxalin-5-yl. 

With respect to Formula 1 or 2, any substituent can be 
included on ET. In some embodiments, some or all of the 
substituents on ET may have: from 0 to 15 carbon atoms and 
from 0 to 10 heteroatoms independently selected from: O, N, 
S, F, Cl, Br, and I; and/or a molecular weight of 15 g/mol to 
500 g/mol. For example, the Substituents may be Co alkyl, 
Such as CH, CH5, CH 7, cyclic CHs. CHo, cyclic CH7, 
C5H1, cyclic C5Ho, C.H., cyclic CH, etc.; Coalkoxy. 
halo, such as F, Cl, Br, I: OH: CN:NO: C. fluoroalkyl, such 
as CF, CFH, CFs, etc.; a Co. ester Such as —OCCH 
—COCH - OCCHs —COCHs —OC-phenyl, 
—CO-phenyl, etc.; a Co ketone Such as —COCH, 
—COCHs —COCH7, —CO-phenyl, etc.; or a Coamine 
such as NH2, NH(CH), N(CH), N(CH)CHs, etc. In some 
embodiments, ET has electron donating Substituents, includ 
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ing any group that can donate electron density to the parent 
ring System, Such as C. alkyl, Calkoxy, a Camine, etc. 
In some embodiments, any Substituents of ET are C alkyl or 
Cs perfluoroalkyl. 

With respect to Formula 1 or 2, in some embodiments ET 
is: 

(Moiety A) 
Het 

Ph 

Het. 

With respect to Formula 1 or 2, in some embodiments ET 
is: 

(Moiety B) 

Het. 

R9 R10 

With respect to Formula 1 or 2, in some embodiments ET 
is: 

(Moiety C) 
Het 

R9 Het 

With respect to any relevant structural representation, such 
as Moiety A, Moiety B, or Moiety C, Phi is phenylene, Het' 
is optionally substituted 1-phenylbenzimidazol-2-yl or 
optionally substituted benzoxazol-2-yl; and Het is H, is 
optionally substituted 1-phenylbenzimidazol-2-yl, or option 
ally substituted benzoxazol-2-yl. 

If Het' is optionally substituted 1-phenylbenzimidazol-2- 
yl, it can have 0, 1,2,3,4,5,6,7,8, or 9 substituents. If Het' 
is optionally Substituted benzoxazol-2-yl, it can have 0, 1, 2, 
3, or 4 substituents. 

In some embodiments, Het' is 

R27 
R28 

R26 

R29 

R25 
N R24 

N 
R23. 

2 
R R22 

5 

10 

15 

25 

30 

35 

40 

45 

50 
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14 
In some embodiments, Het' is 

O R24 

N 
R23. 

2 
R R22 

In some embodiments, Het' is 

S R24 

N 
R23. 

2 
R R22 

If Het is optionally substituted 1-phenylbenzimidazol-2- 
y1, it can have 0, 1,2,3,4, 5, 6, 7, 8, or 9 substituents. If Het 
is optionally Substituted benzoxazol-2-yl, it can have 0, 1, 2, 
3, or 4 substituents. 

In some embodiments, Het is H. 
In some embodiments, Het is 

r O 
N R52 

R55 R53. 

R54 

In some embodiments, Het is 

r S 
N R52 

R55 R53. 

R54 

In some embodiments, Het is 

R58 
R59 

R57 

R60 
R56 

N 52 

N 
R53. 
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With respect to Formula 1 or 2, in some embodiments ET With respect to Formula 1 or 2, in some embodiments ET 
is: is: 23 

R24 R 

R27 5 R22. 
R28 

R12 R26 R21 
R' R29 

10 
R25 

N R24 

R9 
O N 

R R23 
15 

R52 
R21 

R22 R55 

R53 
With respect to Formula 1 or 2, in some embodiments ET 20 R54 

is: With respect to Formula 1 or 2, in some embodiments ET 
is: 

25 

R24 

30 R23. 

21 
R R22 

In another embodiment, ET can be: 
35 

- { N 
40 C 

50 

With respect to Formula 1 or 2, in some embodiments ET CS 
55 N 

\ 

60 

2 N 
R 

22 
R 65 
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-continued -continued 
N 

N 
, or 

N 5 S 

N 

N s 
s 10 

O 
S N 

SN I 21 
O N S 

15 

N 

/ 

S ' With respect to Formula3. ET is an optionally substituted 
benzimidazol-2-yl. 

Formula 4 

R27 

R26 

R25 

R24 

R23 

Formula 5 
48 

R R49 R21 R22 
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22 

Formula 8 

Formula 9 

With respect to any relevant structural representations, 
such as Formulas 2,3,4,5,6,7,8, or 9, R'' may be Horany 
Substituent, such as a Substituent having from 0 to 6 carbon 
atoms and from 0 to 5 heteroatoms, wherein each heteroatom 
is independently: O, N, S, F, Cl, Br, or I, and/or having a 
molecular weight of 15 g/mol to 300 g/mol. Any of R'-R' 
may comprise: a) 1 or more alkyl moieties optionally Substi 
tuted with, or optionally connected by or to, b) 1 or more 
functional groups, such as C—C, C=C, CO, CO, CON, 
NCO,OH, SH, O, S, N, N=C, F, Cl, Br, I, CN, NO, COH, 
NH, etc.; or may be a substituent having no alkyl portion, 
such as F, Cl, Br, I, NO, CN, NH, OH, COH, COH, etc. 

With respect to any relevant structural representations, 
Such as Formulas 2, 3, 4, 5, 6, 7, 8, or 9. Some non-limiting 

55 

60 

65 

examples of R'' may independently include R', F, C1, CN, 
OR, CF, NO, NRR, COR, COR, OCORA, 
NRCOR, CONR'R'', etc. In some embodiments, R'' 
may be may be H. F. Cl; CN; CF; OH: NH, C alkyl, such 
as methyl, ethyl, propyl isomers (e.g. n-propyl and isopro 
pyl), cyclopropyl, butyl isomers, cyclobutyl isomers (e.g. 
cyclobutyl and methylcyclopropyl), pentyl isomers, cyclo 
pentyl isomers, hexyl isomers, cyclohexyl isomers, etc.; C. 
amino, such as NHCH, NH(CH), —NHCHCH 
etc.; Calkoxy, such as —O-methyl, -O-ethyl, isomers of 
—O-propyl. —O-cyclopropyl, isomers of —O-butyl, iso 
mers of —O-cyclobutyl, isomers of —O-pentyl, isomers of 
—O-cyclopentyl, isomers of —O-hexyl, isomers of —O- 
cyclohexyl, etc.; CHO; C CO-alkyl, such as COCH, 
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—COCHs —COCH7, COCH, COCH, etc.; COH: 
C CO-alkyl, -COCH, —COCHs. —COCH7. 
COCH, COCH, etc. In some embodiments, R'' 
may independently be H. C-C alkyl, or C perfluoroalkyl. 
In some embodiments, R'' may be H. 

R4 O O 
M - -R' y vs. vs. 

NR4RF COR4 COR 
O O O 

l l R4 A. R4 A. RB vs. Y 
OCOR4 R4 RB 

NR CORF CONRARF 

Each R" may independently be H, or C-alkyl, including: 
linear or branched alkyl having a formula CH, or 
cycloalkyl having a formula CH, whereina is 1, 2, 3, 4, 5, 
6, 7, 8, 9, 10, 11, or 12, such as linear or branched alkyl of a 
formula: CH, CH5, C5H7, CH3, C5H1, CH, C7H1s. 
CH17, CoHo, CoH2, etc., or cycloalkylofa formula: CHs. 
CH7, C5Ho, CH, C7H13, Csis, CoH 17, CoHo, etc. In 
some embodiments, R may be H or C. alkyl. In some 
embodiments, R' may be H or C, alkyl. In some embodi 
ments, R may be H or CH. In some embodiments, R may 
be H. 

Each R may independently be H, or C-alkyl, including: 
linear or branched alkyl having a formula CH, or 
cycloalkyl having a formula CH, whereina is 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, or 12, such as linear or branched alkyl of a 
formula: CH, CH5, C5H7, CH3, C5H1, CH, CH17, 
C7H1s. CoHo, CoH2, etc., or cycloalkylofa formula: CHs. 
CH7, C5Ho, CH, C7H13, Csis, CoH 17, CoHo, etc. In 
some embodiments, R may be H or Cs alkyl. In some 
embodiments, R may be H or CH. In some embodiments, 
R may be H. 

With respect to any relevant structural representation, such 
as Formulas 2,3,4,5,6,7,8, or 9, in some embodiments R' 
is H. C-C alkyl, or C. perfluoroalkyl. In some embodi 
ments, R is H. Additionally, for any embodiments recited in 
this paragraph, all remaining relevant groups of R'" may 
independently be R, F, C1, CN, OR, CF, NO, NR'R'', 
COR, COR, OCORA, NRCOR, CONR'R'; may inde 
pendently be H. F. Cl; CN; CF; OH: NH, C alkyl: C 
amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 2, 3, 4, 5, 6, 7, 8, or 9, in some embodiments R 
is H. C-C alkyl, or C. perfluoroalkyl. In some embodi 
ments, R is H. Additionally, for any embodiments recited in 
this paragraph, all remaining relevant groups of R'" may 
independently be R', F, C1, CN, OR, CF, NO, NR'R'', 
COR', COR', OCORA, NR COR, CONR'R'; may inde 
pendently be H. F. Cl; CN; CF; OH: NH, C alkyl: C 
amino: Calkoxy: CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 2,3,4,5,6,7,8, or 9, in some embodiments R. 
is H. C-C alkyl, or C. perfluoroalkyl. In some embodi 
ments, R is H. Additionally, for any embodiments recited in 
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24 
this paragraph, all remaining relevant groups of R'" may 
independently be R, F, C1, CN, OR, CF, NO, NR'R'', 
COR, COR, OCORA, NRCOR, CONR'R'; may inde 
pendently be H. F. Cl; CN; CF; OH: NH, C alkyl: C 
amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 2, 3, 4, 5, 6, 7, 8, or 9, in some embodiments R' 
is H. C-C alkyl, or C perfluoroalkyl. In some embodi 
ments, R is H. Additionally, for any embodiments recited in 
this paragraph, all remaining relevant groups of R'' may 
independently be R', F, C1, CN, OR, CF, NO, NR'R'', 
COR1, COR1, OCORA, NR COR, CONR'R'', may inde 
pendently be H. F. Cl; CN; CF; OH: NH, C alkyl: C 
amino; Calkoxy: CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 2,3,4,5,6,7,8, or 9, in some embodiments R 
is H. C-C alkyl, or C perfluoroalkyl. In some embodi 
ments, R is H. Additionally, for any embodiments recited in 
this paragraph, all remaining relevant groups of R'' may 
independently be R', F, C1, CN, OR, CF, NO, NR'R'', 
COR, COR, OCORA, NRCOR, CONR'R'; may inde 
pendently be H. F. Cl; CN; CF; OH: NH, C alkyl: C 
amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl: may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 2,3,4,5,6,7,8, or 9, in some embodiments R' 
is H. C-C alkyl, or C perfluoroalkyl. In some embodi 
ments, R is H. Additionally, for any embodiments recited in 
this paragraph, all remaining relevant groups of R'" may 
independently be R, F, C1, CN, OR, CF, NO, NR'R'', 
COR, COR, OCORA, NRCOR, CONR'R'; may inde 
pendently be H. F. Cl; CN; CF; OH: NH, C alkyl: C 
amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 2, 3, 4, 5, 6, 7, 8, or 9, in some embodiments R7 
is H. C-C alkyl, or C perfluoroalkyl. In some embodi 
ments, R is H. Additionally, for any embodiments recited in 
this paragraph, all remaining relevant groups of R'' may 
independently be R', F, C1, CN, OR, CF, NO, NR'R'', 
COR1, COR1, OCORA, NR COR, CONR'R'', may inde 
pendently be H. F. Cl; CN; CF; OH: NH, C alkyl: C 
amino; Calkoxy: CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 2,3,4,5,6,7,8, or 9, in some embodiments R 
is H. C-C alkyl, or C perfluoroalkyl. In some embodi 
ments, R is H. Additionally, for any embodiments recited in 
this paragraph, all remaining relevant groups of R'' may 
independently be R', F, C1, CN, OR, CF, NO, NR'R'', 
COR, COR, OCORA, NRCOR, CONR'R'; may inde 
pendently be H. F. Cl; CN; CF; OH: NH, C alkyl: C 
amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl: may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 2,3,4,5,6,7,8, or 9, in some embodiments, R', 
R. R. R. R. R. R7 and Rare H. 

With respect to any relevant structural representation, such 
as Formulas 3, 4, 5, 6, 7, 8, or 9, in some embodiments R is 
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H. C-C alkyl, or C. perfluoroalkyl. In some embodiments, 
R is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'' may inde 
pendently be R', F, C1, CN, OR, CF, NO, NR'R'', COR', 
COR, OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF: OH: NH; C alkyl: C 
amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl: may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 3, 4, 5, 6, or 7, in some embodiments R' is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R" is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'' may inde 
pendently be R', F, C1, CN, OR, CF, NO, NR'R'', COR', 
COR, OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF; OH: NH, C alkyl: C 
amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 3, 4, 5, 6, or 7, in some embodiments R'' is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R'' is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'' may inde 
pendently be R', F, C1, CN, OR, CF, NO, NR'R'', COR', 
COR, OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF: OH: NH; C alkyl: C 
amino: Calkoxy: CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl: or may be H. 

With respect to any relevant structural representation, such 
as Formulas 3,4,5,6,7,8, or 9, in some embodiments R' is 
H, C-C alkyl, or C. perfluoroalkyl. In some embodiments, 
R" is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'" may inde 
pendently be R', F, C1, CN, OR, CF, NO, NR'R'', COR', 
COR, OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF; OH: NH, C alkyl: C 
amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl: may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 3,4,5,6,7,8, or 9, in some embodiments R. R. 
R,R,R,R,R,R,R,R,R'' and R'' are independently 
H, C-C alkyl, or C. perfluoroalkyl. In some embodiments, 
R. R. R. R. R. R. R7, R. R. R. R'' and R2 are H. 

With respect to any relevant structural representation, such 
as Formulas 4 or 6, in some embodiments R' is H, C-C, 
alkyl, or Cs perfluoroalkyl. In some embodiments, R' is H. 
Additionally, for any embodiments recited in this paragraph, 
all remaining relevant groups of R'' may independently be 
R", F, C1, CN, OR1, CF, NO, NR'R, COR1, CO.R.", 
OCORA, NRCOR, CONR'R'': may independently be H: 
F: Cl; CN; CF; OH: NH, C alkyl: C amino: C 
alkoxy: CHO: C, CO-alkyl; CO-H; or C. CO-alkyl: 
may independently be H. C-C alkyl, or C. perfluoroalkyl; 
or may be H. 

With respect to any relevant structural representation, such 
as Formulas 4 or 6, in some embodiments R'' is H. C-C, 
alkyl, or Cs perfluoroalkyl. In some embodiments, R'' is H. 
Additionally, for any embodiments recited in this paragraph, 
all remaining relevant groups of R'' may independently be 
R, F, C1, CN, OR, CF, NO, NRR, COR, CO.R.", 
OCORA, NR COR, CONR'R'': may independently be H: 
F: Cl; CN; CF; OH: NH, C alkyl: C amino: C 
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26 
alkoxy; CHO: C, CO-alkyl; CO-H; or C. CO-alkyl: 
may independently be H, C-C alkyl, or C perfluoroalkyl: 
or may be H. 

With respect to any relevant structural representation, such 
as Formulas 4 or 6, in some embodiments R' is H. C-C, 
alkyl, or Cs perfluoroalkyl. In some embodiments, R' is H. 
Additionally, for any embodiments recited in this paragraph, 
all remaining relevant groups of R'' may independently be 
R, F, C1, CN, OR, CF, NO, NRR, COR, CO.R.", 
OCORA, NRCOR, CONR'R'': may independently be H: 
F: Cl; CN; CF; OH: NH, C alkyl: C amino: C 
alkoxy; CHO: C, CO-alkyl; CO-H; or C. CO-alkyl: 
may independently be H. C-C alkyl, or C perfluoroalkyl; 
or may be H. 

With respect to any relevant structural representation, such 
as Formulas 4 or 6, in some embodiments R' is H, C-C, 
alkyl, or C perfluoroalkyl. In some embodiments, R' is H. 
Additionally, for any embodiments recited in this paragraph, 
all remaining relevant groups of R'' may independently be 
R", F, C1, CN, OR1, CF, NO, NR'R, COR1, CO.R.", 
OCORA, NRCOR, CONR'R'': may independently be H: 
F: Cl; CN; CF; OH: NH, C alkyl: C amino: C 
alkoxy; CHO: C, CO-alkyl; CO-H; or C. CO-alkyl: 
may independently be H. C-C alkyl, or C perfluoroalkyl; 
or may be H. 

With respect to any relevant structural representation, such 
as Formulas 5, 6, 7, 8, or 9, in some embodiments R7 is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R7 is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'" may inde 
pendently be R', F, C1, CN, OR, CF, NO, NR'R'', COR', 
COR, OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF: OH: NH; C alkyl: C 
amino; Calkoxy: CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 5, 6, 7, 8, or 9, in some embodiments R' is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R" is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'' may inde 
pendently be R', F, C1, CN, OR, CF, NO, NR'R'', COR', 
COR', OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF: OH: NH; C alkyl: C 
amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl: may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 5, 6, 7, 8, or 9, in some embodiments R' is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R" is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'" may inde 
pendently be R, F, C1, CN, OR, CF, NO, NRR, COR, 
COR', OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF; OH: NH, C alkyl: C 
amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 4, 6, 7, 8, or 9, in some embodiments R is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R’ is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'" may inde 
pendently be R', F, C1, CN, OR, CF, NO, NR'R'', COR', 
COR', OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF: OH: NH; C alkyl: C 
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amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl: may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 4, 6, 7, 8, or 9, in some embodiments R’ is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R’ is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'' may inde 
pendently be R', F, C1, CN, OR, CF, NO, NR'R'', COR', 
COR, OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF; OH: NH, C alkyl: C 
amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 4, 6, 7, 8, or 9, in some embodiments R is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R’ is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'" may inde 
pendently be R, F, C1, CN, OR, CF, NO, NRR, COR, 
COR, OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF; OH: NH, C alkyl: C 
amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 4, 6, 7, 8, or 9, in some embodiments R* is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R’ is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'" may inde 
pendently be R', F, C1, CN, OR, CF, NO, NR'R'', COR', 
COR, OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF: OH: NH; C alkyl: C 
amino: Calkoxy: CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 4, 6, 7, or 9, in some embodiments R is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R’ is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'' may inde 
pendently be R', F, C1, CN, OR, CF, NO, NR'R'', COR', 
COR, OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF: OH: NH; C alkyl: C 
amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl: may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 4, 6, 7, or 9, in some embodiments R is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R’ is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'" may inde 
pendently be R, F, C1, CN, OR, CF, NO, NRR, COR, 
COR, OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF; OH: NH, C alkyl: C 
amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 4, 6, 7, or 9, in some embodiments R7 is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R7 is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'" may inde 
pendently be R', F, C1, CN, OR, CF, NO, NR'R'', COR', 
COR, OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF: OH: NH; C alkyl: C 
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amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl: may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 4, 6, 7, or 9, in some embodiments R is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R’ is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'" may inde 
pendently be R, F, C1, CN, OR, CF, NO, NRR, COR, 
COR', OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF: OH: NH; C alkyl: C 
amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 4, 6, 7, or 9, in some embodiments R’ is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R’ is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'' may inde 
pendently be R', F, C1, CN, OR, CF, NO, NR'R'', COR', 
COR, OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF: OH: NH; C alkyl: C 
amino; Calkoxy: CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formula 4, in some embodiments R' is H, C-C alkyl, or 
C. perfluoroalkyl. In some embodiments, R' is H. Addi 
tionally, for any embodiments recited in this paragraph, all 
remaining relevant groups of R'' may independently be R', 
F, C1, CN, OR, CF, NONRR, COR, COR, OCORA, 
NRCOR, CONR'R' may independently be H; F: Cl; CN: 
CF, OH, NH, C alkyl, Camino; C alkoxy: CHO: 
C CO-alkyl, COH, or C. CO-alkyl; may indepen 
dently be H, C-C alkyl, or C perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formula 4, in some embodiments R is H, C-C alkyl, or 
Cs perfluoroalkyl. In some embodiments, R is H. Addi 
tionally, for any embodiments recited in this paragraph, all 
remaining relevant groups of R'' may independently be R', 
F, C1, CN, OR, CF, NONRR, COR, COR, OCORA, 
NR'COR, CONR'R'': may independently be H. F. Cl; CN: 
CF, OH, NH, C alkyl, Camino; C alkoxy; CHO: 
C CO-alkyl, COH, or C. CO-alkyl; may indepen 
dently be H, C-C alkyl, or C. perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formula 4, in some embodiments R* is H. C-C alkyl, or 
Cs perfluoroalkyl. In some embodiments, R is H. Addi 
tionally, for any embodiments recited in this paragraph, all 
remaining relevant groups of R'' may independently be R', 
F, C1, CN, OR, CF, NONRR, COR, COR, OCORA, 
NR'COR, CONR'R'': may independently be H. F. Cl; CN: 
CF, OH, NH, C alkyl, Camino; C alkoxy; CHO: 
C CO-alkyl, COH, or C. CO-alkyl: may indepen 
dently be H, C-C alkyl, or C. perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formula 4, in some embodiments R is H, C-C alkyl, or 
Cs perfluoroalkyl. In some embodiments, R is H. Addi 
tionally, for any embodiments recited in this paragraph, all 
remaining relevant groups of R'' may independently be R', 
F, C1, CN, OR1, CF, NO, NR'R'', COR1, CO.R.", OCORA, 
NRCOR, CONR'R'': may independently be H. F. Cl; CN: 
CF, OH, NH, C alkyl, Camino; C alkoxy: CHO: 
C CO-alkyl, COH, or C. CO-alkyl; may indepen 
dently be H, C-C alkyl, or C. perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formula 4, in some embodiments R* is H, C-C alkyl, or 
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Cls perfluoroalkyl. In some embodiments, R is H. Addi 
tionally, for any embodiments recited in this paragraph, all 
remaining relevant groups of R may independently be R', 
F, C1, CN, OR, CF, NO, NR'R'', COR, COR', OCORA, 
NR'COR, CONR'R'': may independently be H; F: Cl; CN: 
CF, OH, NH, C alkyl, Camino; C alkoxy; CHO: 
C CO-alkyl, COH, or C. CO-alkyl; may indepen 
dently be H, C-C alkyl, or C perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formula 4, in some embodiments R is H, C-C alkyl, or 
C. perfluoroalkyl. In some embodiments, R is H. Addi 
tionally, for any embodiments recited in this paragraph, all 
remaining relevant groups of R may independenly be R', 
F, C1, CN, OR, CF, NO, NR'R'', COR', COR', OCORA, 
NRCOR, CONR'R'': may independently be H; F: Cl; CN: 
CF, OH, NH, C alkyl, Camino; C alkoxy; CHO: 
C CO-alkyl, COH, or C. CO-alkyl: may indepen 
dently be H, C-C alkyl, or C. perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formula 4, in some embodiments R is H. C-C alkyl, or 
Cls perfluoroalkyl. In some embodiments, R is H. Addi 
tionally, for any embodiments recited in this paragraph, all 
remaining relevant groups of R may independenly be R', 
F, C1, CN, OR, CF, NO, NR'R'', COR, COR', OCORA, 
NR'COR, CONR'R'': may independently be H; F: Cl; CN: 
CF: OH: is: C. alkyl, C-6 amino: isi E. C CO-alkyl, COH, or C. CO-alkyl: may indepen 
dently be H, C-C alkyl, or C. perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formula 4, in some embodiments R is H, C-C alkyl, or 
Cls perfluoroalkyl. In some embodiments, R is H. Addi 
tionally, for any embodiments recited in this paragraph, all 
y relevant groups of R may independenly be R', 

F, C1, CN, OR, CF, NO, NR'R'', COR',CO.R.", OCORA, 
NRCOR, CONR'R'': may independently be H; F: Cl; CN: 
CF: OH: is: C. alkyl, C-6 amino: isi E. C CO-alkyl, COH, or C. CO-alkyl; may indepen 
dently be H, C-C alkyl, or C. perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formula 4, in some embodiments R is H, C-C alkyl, or 
C. perfluoroalkyl. In some embodiments, R is H. Addi 
tionally, for any embodiments recited in this paragraph, all 
y relevant groups of R may independenly be R', 

F, C1, CN, OR, CF, NO, NR'R'', COR, COR', OCORA, 
NRCOR, CONR'R'': may independently be H; F: Cl; CN: 
CF, OH: isi C. alkyl, Camino: isi E. C CO-alkyl, COH, or C. CO-alkyl; may indepen 
dently be H, C-C alkyl, or C perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formula 4, in some embodiments R is H, C-C alkyl, or 
Cs perfluoroalkyl. In some embodiments, R is H. Addi 
tionally, for any embodiments recited in this paragraph, all 
remaining relevant groups of R may independenly be R', 
F, C1, CN, OR, CF, NO, NR'R'', COR, COR', OCORA, 
NR'COR, CONR'R'': may independently be H; F: Cl; CN: 
CF, OH, NH, C alkyl, Camino; C alkoxy; CHO: 
C CO-alkyl, COH, or C. CO-alkyl; may indepen 
dently be H, C-C alkyl, or C. perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formula 4, in some embodiments R' is H. C-C alkyl, or 
Cls perfluoroalkyl. In some embodiments, R" is H. Addi 
tionally, for any embodiments recited in this paragraph, all 
remaining relevant groups of R may independenly be R', 
F, C1, CN, OR, CF, NO, NR'R'', COR, COR', OCORA, 
NR'COR, CONR'R'': may independently be H; F: Cl; CN: 
CF, OH, NH, C alkyl, Camino; C alkoxy; CHO: 
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C CO-alkyl, COH, or C. CO-alkyl; may indepen 
dently be H, C-C alkyl, or C perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formula 4, in some embodiments R' is H, C-C alkyl, or 
Cs perfluoroalkyl. In some embodiments, R' is H. Addi 
tionally, for any embodiments recited in this paragraph, all 
remaining relevant groups of R'' may independently be R', 
F, C1, CN, OR, CF, NONRR, COR, COR, OCORA, 
NR'COR, CONR'R'': may independently be H. F. Cl; CN: 
CF, OH, NH, C alkyl, Camino; C alkoxy; CHO: 
C CO-alkyl, COH, or C. CO-alkyl; may indepen 
dently be H, C-C alkyl, or C. perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 5, 6, 7, 8, or 9, in some embodiments R' is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R" is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'" may inde 
pendently be R', F, C1, CN, OR, CF, NO, NR'R'', COR', 
COR', OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF: OH: NH; C alkyl: C 
amino; Calkoxy: CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 5, 6, 7, 8, or 9, in some embodiments R is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'' may inde 
pendently be R', F, C1, CN, OR, CF, NO, NR'R'', COR', 
COR, OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF: OH: NH; C alkyl: C 
amino: Calkoxy: CHO; C CO-alkyl; CO-H; or C. 
CO-alkyl: may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 5, 6, 7, 8, or 9, in some embodiments R is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'" may inde 
pendently be R, F, C1, CN, OR, CF, NO, NRR, COR, 
COR', OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF; OH: NH, C alkyl: C 
amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 5, 6, 7, 8, or 9, in some embodiments R* is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R" is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'" may inde 
pendently be R', F, C1, CN, OR, CF, NO, NR'R'', COR', 
COR', OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF: OH: NH; C alkyl: C 
amino; Calkoxy: CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 5, 6, 7, 8, or 9, in some embodiments R is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R" is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'' may inde 
pendently be R', F, C1, CN, OR, CF, NO, NR'R'', COR', 
COR, OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF: OH: NH; C alkyl: C 
amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 
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With respect to any relevant structural representation, such 
as Formulas 5, 6, 7, 8, or 9, in some embodiments R7 is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R" is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'' may inde 
pendently be R', F, C1, CN, OR, CF, NO, NR'R'', COR', 
COR, OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF; OH: NH, C alkyl: C 
amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 5, 6, 7, 8, or 9, in some embodiments R* is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R" is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'" may inde 
pendently be R, F, C1, CN, OR, CF, NO, NRR, COR, 
COR, OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF: OH: NH; C alkyl: C 
amino: Calkoxy: CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 5, 6, 7, 8, or 9, in some embodiments R is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R is H. In some embodiments, R is methyl. Additionally, 
for any embodiments recited in this paragraph, all remaining 
relevant groups of R'' may independently be R', F, Cl, CN, 
OR', CF, NO, NR'R'', COR1, COR', OCORA, 
NRCOR, CONR'R'': may independently be H; F: Cl; CN: 
CF; OH: NH, C alkyl: Camino: Calkoxy: CHO: 
C CO-alkyl, COH, or C. CO-alkyl: may indepen 
dently be H, C-C alkyl, or C. perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 5, 6, 7, 8, or 9, in some embodiments R' is H. 
C-C alkyl, or C perfluoroalkyl. In some embodiments, 
R" is H. Additionally, for any embodiments recited in this 
paragraph, all remaining relevant groups of R'" may inde 
pendently be R, F, C1, CN, OR, CF, NO, NRR, COR, 
COR, OCORA, NRCOR, CONR'R'': may indepen 
dently be H. F. Cl; CN; CF; OH: NH, C alkyl: C 
amino: Calkoxy; CHO.C. CO-alkyl, COH, or C. - 
CO-alkyl, may independently be H. C-C alkyl, or C. 
perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formulas 8, or 9, in some embodiments R is H. C-C, 
alkyl, or Cs perfluoroalkyl. In some embodiments, R is H. 
Additionally, for any embodiments recited in this paragraph, 
all remaining relevant groups of R'' may independently be 
R, F, C1, CN, OR, CF, NO, NRR, COR, CO.R.", 
OCORA, NR COR, CONR'R'': may independently be H: 
F: Cl; CN; CF; OH: NH, C alkyl: C amino: C 
alkoxy; CHO; C, CO-alkyl; CO-H; or C. CO-alkyl: 
may independently be H. C-C alkyl, or C. perfluoroalkyl; 
or may be H. 

With respect to any relevant structural representation, such 
as Formulas 8 or 9, in some embodiments R is H, C-C, 
alkyl, or Cs perfluoroalkyl. In some embodiments, R’ is H. 
Additionally, for any embodiments recited in this paragraph, 
all remaining relevant groups of R'' may independently be 
R, F, C1, CN, OR, CF, NO, NRR, COR, CO.R.", 
OCORA, NR COR, CONR'R'': may independently be H: 
F: Cl; CN; CF; OH: NH, C alkyl: C amino: C 
alkoxy: CHO: C, CO-alkyl; CO-H; or C. CO-alkyl: 
may independently be H. C-C alkyl, or C. perfluoroalkyl; 
or may be H. 
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With respect to any relevant structural representation, such 

as Formulas 8 or 9, in some embodiments R is H. C-C, 
alkyl, or Cs perfluoroalkyl. In some embodiments, R is H. 
Additionally, for any embodiments recited in this paragraph, 
all remaining relevant groups of R'' may independently be 
R, F, C1, CN, OR, CF, NO, NRR, COR, CO.R.", 
OCORA, NR COR, CONR'R'': may independently be H: 
F: Cl; CN; CF; OH: NH, C alkyl: C amino: C 
alkoxy; CHO; C CO-alkyl; CO-H; or C, CO-alkyl: 
may independently be H. C-C alkyl, or C perfluoroalkyl; 
or may be H. 

With respect to any relevant structural representation, such 
as Formulas 8 or 9, in some embodiments R* is H, C-C, 
alkyl, or C perfluoroalkyl. In some embodiments, R is H. 
Additionally, for any embodiments recited in this paragraph, 
all remaining relevant groups of R'' may independently be 
R, F, C1, CN, OR, CF, NO, NRR, COR, CO.R.", 
OCORA, NRCOR, CONR'R'': may independently be H: 
F: Cl; CN; CF; OH: NH, C alkyl: C amino: C 
alkoxy; CHO: C, CO-alkyl; CO-H; or C. CO-alkyl: 
may independently be H, C-C alkyl, or C perfluoroalkyl: 
or may be H. 

With respect to any relevant structural representation, such 
as Formulas 8 or 9, in some embodiments R is H, C-C, 
alkyl, or Cs perfluoroalkyl. In some embodiments, R is H. 
Additionally, for any embodiments recited in this paragraph, 
all remaining relevant groups of R'' may independently be 
R", F, C1, CN, OR1, CF, NO, NR'R, COR1, CO.R.", 
OCORA, NRCOR, CONR'R'': may independently be H: 
F: Cl; CN; CF; OH: NH, C alkyl: C amino: C 
alkoxy; CHO: C, CO-alkyl; CO-H; or C. CO-alkyl: 
may independently be H, C-C alkyl, or C perfluoroalkyl: 
or may be H. 

With respect to any relevant structural representation, such 
as Formula 9, in some embodiments R is H. C-C alkyl, or 
Cs perfluoroalkyl. In some embodiments, R is H. Addi 
tionally, for any embodiments recited in this paragraph, all 
remaining relevant groups of R'' may independently be R', 
F, C1, CN, OR, CF, NONRR, COR, COR, OCORA, 
NR'COR, CONR'R'': may independently be H. F. Cl; CN: 
CF, OH, NH, C alkyl, Camino; C alkoxy; CHO: 
C CO-alkyl, COH, or C. CO-alkyl: may indepen 
dently be H, C-C alkyl, or C. perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formula 9, in some embodiments R7 is H. C-C alkyl, or 
Cs perfluoroalkyl. In some embodiments, R7 is H. Addi 
tionally, for any embodiments recited in this paragraph, all 
remaining relevant groups of R'' may independently be R', 
F, C1, CN, OR1, CF, NO, NR'R'', COR1, CO.R.", OCORA, 
NRCOR, CONR'R'': may independently be H. F. Cl; CN: 
CF, OH, NH, C alkyl, Camino; C alkoxy; CHO: 
C CO-alkyl, COH, or C. CO-alkyl; may indepen 
dently be H, C-C alkyl, or C. perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formula 9, in some embodiments R is H, C-C alkyl, or 
C. perfluoroalkyl. In some embodiments, R is H. Addi 
tionally, for any embodiments recited in this paragraph, all 
remaining relevant groups of R'' may independently be R', 
F, C1, CN, OR1, CF, NONR'R'', COR',CO.R.", OCORA, 
NRCOR, CONR'R'': may independently be H. F. Cl; CN: 
CF, OH, NH, C alkyl, Camino; C alkoxy: CHO: 
C CO-alkyl, COH, or C. CO-alkyl; may indepen 
dently be H, C-C alkyl, or C perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formula 9, in some embodiments R is H, C-C alkyl, or 
Cs perfluoroalkyl. In some embodiments, R is H. Addi 
tionally, for any embodiments recited in this paragraph, all 
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remaining relevant groups of R'' may independently be R', 
F, C1, CN, OR1, CF, NO, NR'R'', COR1, COR1, OCORA, 
NR'COR, CONR'R'': may independently be H; F: Cl; CN: 
CF, OH, NH, C alkyl, Camino; C alkoxy; CHO: 
C CO-alkyl, COH, or C. CO-alkyl: may indepen 
dently be H, C-C alkyl, or C. perfluoroalkyl; or may be H. 

With respect to any relevant structural representation, such 
as Formula 9, in some embodiments R' is H, C-C alkyl, or 
Cls perfluoroalkyl. In some embodiments, R' is H. Addi 
tionally, for any embodiments recited in this paragraph, all 
remaining relevant groups of R'' may independently be R', 
F, C1, CN, OR1, CF, NO, NR'R'', COR1, COR1, OCORA, 
NR'COR, CONR'R'': may independently be H; F: Cl; CN: 
CF, OH, NH, C alkyl, Camino; C alkoxy; CHO: 
C CO-alkyl, COH, or C. CO-alkyl: may indepen 
dently be H, C-C alkyl, or C. perfluoroalkyl; or may be H. 

In one embodiment, a host compound for use in emissive 
elements of organic light emitting devices is described, the 
compound being represented by Formula 10: 

HT-2 ( ) 

HT-2 can be optionally substituted carbazoyl, optionally 
substituted phenylcarbazolyl, optionally substituted (phenyl 
carbazolyl)phenyl, or optionally Substituted phenylnaphthy 
lamine; and ET-3 is an optionally substituted benzimidazol 
2-yl, an optionally substituted bis(benzodoxazol-2-yl) 
benz-1-yl, or an optionally substituted 3,5-bis(1-phenyl-1H 
benzodimidazol-2-yl)benz-1-yl. 

(Formula 10) 

In another embodiment, HT-2 can be: 

s 

Cl 
, or 
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-continued 

O 
In another embodiment, ET-3 can be: 
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-continued In other embodiments, the compound can be one of the 
N following Hosts: 

S 5 N 

)-( ) ( ) () N 

S N . ( ) 
15 

I 
N-phenyl-N-(4"-(1-phenyl-1H-benzodimidazol-2- 
yl)-1,1":2", 1":2", 1"-quaterphenyl-4-yl)naphthalen In one embodiment, a host compound for use in emissive 1-amine (Host-1) elements of organic light emitting devices is described, the 

compound being represented by Formula 1 1: 2O 
N 

(Formula 11) N 

HT-3 ( ) 25 ( ) ( ) N 
N 

( ) ( ) M 30 9-phenyl-3-(4"-(1-phenyl-1H-benzodimidazol-2- 
N yl)-1,1':2", 1"-terphenyl-2-yl)-9H-carbazole (Host 

In another embodiment, HT-3 can be an optionally substi 
tuted cabazolyl, an optionally substituted phenylcarbazolyl 
or an optionally Substituted phenylnaphthylaminophenyl. 

In one embodiment, a host compound for use in emissive 
elements of organic light emitting devices is described, the 
compound being represented by Formula 12: 

(Formula 12) 

3-(3".5"-bis(1-phenyl-1H-benzodimidazol-2-yl)-1, 
50 1":2", 1"-terphenyl-2-yl)-9-phenyl-9H-carbazole 

(Host-3) 

55 

wherein X can be O.S or optionally substituted N. 
In some embodiments, X can be 

60 

65 
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2,2'-(2"-(9-phenyl-9H-carbazol-3-yl)1,1':2", 1"-ter 
phenyl-3,5-diyl)bis(benzodoxazole) (Host-4) 

-( )-( ) 
C ( S-Cy-KO 

3-(4"-(1-phenyl-1H-benzodimidazol-2-yl)-1,1':2', 
1"-terphenyl-2-yl)-9-(p-tolyl)-9H-carbazole (Host 

5) 

O-(-)-() 
O C-C k) 
9-phenyl-3-(4"-(1-phenyl-1H-benzodimidazol-2- 
yl)-1,1':2", 1":2", 1"-quaterphenyl-4-yl)-9H-carba 

Zole (Host-6) 

In another embodiment, an emissive element is described 
comprising any of the aforementioned compounds. 

In another embodiment, a device is described comprising 
any of the aforementioned compounds. 
As shown in FIGS. 1 and 2, there are shown embodiments 

of organic light emitting devices incorporating the com 
pounds of the present application. The embodiments also 
provide an organic light-emitting diode device 10 comprising 
a cathode 20, an anode 30, a light-emitting layer 40 disposed 
between and electrically connected to the anode and the cath 
ode, a hole-transport layer 50 between the anode and the 
light-emitting layer 40 and an electron-transport layer 60 
between the cathode 30 and the light-emitting layer 40, 
wherein at least one of the light-emitting layer, the hole 
transport layer and the electron-transport layer comprise a 
host compound described herein. In some embodiments, a 
hole injection layer 70 can be between the anode 20 and the 
hole transport layer 50. 
An anode layer may comprise a conventional material Such 

as a metal, mixed metal, alloy, metal oxide or mixed-metal 
oxide, or a conductive polymer. Examples of suitable metals 
include the Group 1 metals, the metals in Groups 4, 5, 6, and 
the Group 8-10 transition metals. If the anode layer is to be 
light-transmitting, mixed-metal oxides of Group 12, 13, and 
14 metals or alloys thereof. Such as Au, Pt, and indium-tin 
oxide (ITO), may be used. The anode layer may include an 
organic material Such as polyaniline, e.g., as described in 
"Flexible light-emitting diodes made from soluble conduct 
ing polymer.” Nature, vol. 357, pp. 477-479 (11 Jun. 1992). 
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Examples of suitable high work function metals include but 
are not limited to Au, Pt, indium-tin-oxide (ITO), or alloys 
thereof. In some embodiments, the anode layer can have a 
thickness in the range of about 1 nm to about 1000 nm. 
A cathode layer may include a material having a lower 

work function than the anode layer. Examples of suitable 
materials for the cathode layer include alkali metals of Group 
1. Group 2 metals, Group 12 metals including rare earth 
elements, lanthanides and actinides, materials such as alumi 
num, indium, calcium, barium, Samarium and magnesium, 
and combinations thereof. Li-containing organometallic 
compounds, LiF and Li2O may also be deposited between the 
organic layer and the cathode layer to lower the operating 
voltage. Suitable low workfunction metals includebut are not 
limited to Al, Ag, Mg, Ca, Cu, Mg/Ag, LiF/Al, CsP, CsP/A1 or 
alloys thereof. In some embodiments, the cathode layer can 
have a thickness in the range of about 1 nm to about 1000 nm. 

In Some embodiments, the light-emissive layer may further 
comprise an emissive component or compound. The emissive 
component may be a fluorescent and/or a phosphorescent 
compound. In some embodiments, the emissive component 
comprises a phosphorescent material. In some embodiments, 
the emissive component may comprise a dopant. In some 
embodiments, the dopant is up to about 10% (w/w) of the 
host, or from about 0.1% (w/w) to about 5% (w/w) of the host. 
The thickness of the light-emitting layer may vary. In some 

embodiments, the light-emitting layer has a thickness from 
about 20 nm to about 200 nm. In some embodiments, the 
light-emitting layer has a thickness in the range of about 20 
nm to about 150 nm. 

In some embodiments, the light-emitting layer can further 
include additional host material. Exemplary host materials 
are known to those skilled in the art. For example, the host 
material included in the light-emitting layer can be an option 
ally Substituted compound selected from: an aromatic-substi 
tuted amine, an aromatic-Substituted phosphine, a thiophene, 
an oxadiazole, 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3, 
4-oxadiazole (PBD), 1,3-bis(N.N-t-butyl-phenyl)-1,3,4-oxa 
diazole (OXD-7), a triazole, 3-phenyl-4-(1-naphthyl)-5-phe 
nyl-1,2,4-triazole (TAZ), 3,4,5-triphenyl-1,2,3-triazole, 3.5- 
bis(4-tert-butyl-phenyl)-4-phenyl 12.4 triazole, an aromatic 
phenanthroline, 2,9-dimethyl-4,7-diphenyl-phenanthroline 
(bathocuproine or BCP), 2,9-dimethyl-4,7-diphenyl-1,10 
phenanthroline, a benzoxazole, a benzothiazole, a quinoline, 
aluminum tris(8-hydroxyquinolate) (Ald3), a pyridine, a 
dicyanoimidazole, cyano-Substituted aromatic, 1,3,5-tris(2- 
N-phenylbenzimidazolyl)benzene (TPBI), 4,4'-bis(N-(naph 
thyl)-N-phenyl-aminobiphenyl (O-NPD), N,N'-bis(3-meth 
ylphenyl)N,N'-diphenyl-1,1'-biphenyl-4,4'-diamine 
(TPD), 4,4'-bis(N,N'-(3-tolyl)amino-3,3'-dimethylbiphenyl 
(M14), 4,4'-bis(N,N'-(3-tolyl)amino-3,3'-dimethylbiphenyl 
(HMTPD), 1,1-bis(4-bis(4-methylphenyl)aminophenyl)cy 
clohexane, a carbazole, 4,4'-N,N'-dicarbazole-biphenyl 
(CBP), poly(9-vinylcarbazole) (PVK), N,N',N'-1,3,5-tricar 
bazoloylbenzene (tCP), a polythiophene, a benzidine, N,N'- 
bis(4-butylphenyl)-N,N'-bis(phenyl)benzidine, a tripheny 
lamine, 4,4',4'-tris(N-(naphthylen-2-yl)-N-phenylamino) 
triphenylamine, 4,4',4'-tris(3-methylphenylphenylamino) 
triphenylamine (MTDATA), a phenylenediamine, a 
polyacetylene, and a phthalocyanine metal complex. 

In some embodiments, the light-emitting device may fur 
ther comprise a hole-transport layer between the anode and 
the light-emitting layer and an electron-transport layer 
between the cathode and the light-emitting layer. In some 
embodiments, all of the light-emitting layer, the hole-trans 
port layer and the electron-transport layer comprise the host 
compound described herein. 
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In some embodiments, the hole-transport layer may com 
prise at least one hole-transfer materials. Suitable hole-trans 
port materials are known to those skilled in the art. Exemplary 
hole-transport materials include: 1,1-bis(4-bis(4-methylphe 
nyl)aminophenyl)cyclohexane; 2,9-dimethyl-4,7-diphenyl 
1,10-phenanthroline; 3,5-bis(4-tert-butyl-phenyl)-4-phenyl 
1.2.4 triazole; 3,4,5-triphenyl-1,2,3-triazole; 4,4',4'-tris(N- 
(naphthylen-2-yl)-N-phenylamino)triphenylamine; 4,4',4'- 
tris(3-methylphenylphenylamino)triphenylamine 
(MTDATA): 4,4'-bis(N-(naphthyl)-N-phenyl-aminobiphe 
nyl (C-NPD): 4,4'-bis(N,N'-(3-tolyl)amino-3,3'-dimethylbi 
phenyl (HMTPD): 4,4'-bis(N,N'-(3-tolyl)amino-3,3'-dim 
ethylbiphenyl (M14): 4,4'-N,N'-dicarbazole-biphenyl (CBP); 
1.3-N,N-dicarbazole-benzene (mCP); poly(9-Vinylcarba 
zole) (PVK); a benzidine; a carbazole; a phenylenediamine; a 
phthalocyanine metal complex; a polyacetylene; a poly 
thiophene; a triphenylamine; an oxadiazole; copper phthalo 
cyanine; N.N'-bis(3-methylphenyl)N,N'-diphenyl-1,1'-bi 
phenyl-4,4'-diamine (TPD); N,N'N"-1,3,5- 
tricarbazoloylbenzene (tCP): N,N'-bis(4-butylphenyl)-N,N'- 
bis(phenyl)benzidine: 4,4'-bis(N-(1-napthyl)-N- 
phenylaminobiphenyl (NPB), 4,4'4"-triCN-carbazolyl) 
triphenylamine (TcTa) and the like. 

In some embodiments, the electron-transport layer may 
comprise at least one electron-transfer materials. Suitable 
electron transport materials are known to those skilled in the 
art. Exemplary electron transport materials that can be 
included in the electron transport layer are an optionally 
substituted compound selected from: aluminum tris(8-hy 
droxyquinolate) (Alq), 2-(4-biphenylyl)-5-(4-tert-butylphe 
nyl)-1,3,4-oxadiazole (PBD), 1,3-bis(N.N-t-butyl-phenyl)-1, 
3,4-oxadiazole (OXD-7), 1,3-bis(2-(2,2'-bipyridine-6-yl)-1, 
3,4-oxadiazo-5-ylbenzene (BPY-OXD), 3-phenyl-4-(1'- 
naphthyl)-5-phenyl-1,2,4-triazole (TAZ), 2,9-dimethyl-4,7- 
diphenyl-phenanthroline (bathocuproine or BCP), and 1,3,5- 
tris(2-N-phenylbenzimidazol-Z-ylbenzene (TPBI). In one 
embodiment, the electron transport layer is aluminum quino 
late (Ald), 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4- 
oxadiazole (PBD), phenanthroline, quinoxaline, 1,3,5-tris 
N-phenylbenzimidazol-Z-ylbenzene (TPBI), or a derivative 
or a combination thereof. 

If desired, additional layers may be included in the light 
emitting device. Additional layers that may be included 
include an electron injection layer (EIL), hole blocking layer 
(HBL), exciton blocking layer (EBL), and/or hole injection 
layer (HIL). In addition to separate layers, some of these 
materials may be combined into a single layer. 

In some embodiments, the light-emitting device can 
include an electron injection layer between the cathode layer 
and the light emitting layer. In some embodiments, the lowest 
un-occupied molecular orbital (LUMO) energy level of the 
material(s) that can be included in the electron injection layer 
is high enough to prevent it from receiving an electron from 
the light emitting layer. In other embodiments, the energy 
difference between the LUMO of the material(s) that can be 
included in the electron injection layer and the work function 
of the cathode layer is small enough to allow efficient electron 
injection from the cathode. A number of suitable electron 
injection materials are known to those skilled in the art. 
Examples of suitable material(s) that can be included in the 
electron injection layer include but are not limited to, an 
optionally substituted compound selected from the follow 
ing: aluminum quinolate (Ald), 2-(4-biphenylyl)-5-(4-tert 
butylphenyl)-1,3,4-oxadiazole (PBD), phenanthroline, qui 
noxaline, 1,3,5-tris N-phenylbenzimidazol-Z-ylbenzene 
(TPBI) a triazine, a metal chelate of 8-hydroxyquinoline such 
as tris(8-hydroxyquinoliate) aluminum, and a metal thioxi 
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noid compound Such as bis(8-quinolinethiolato) zinc. In one 
embodiment, the electron injection layer is aluminum quino 
late (Ald), 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4- 
oxadiazole (PBD), phenanthroline, quinoxaline, 1,3,5-tris 
N-phenylbenzimidazol-Z-ylbenzene (TPBI), or a derivative 
or a combination thereof. 

In some embodiments, the device can include a hole block 
ing layer, e.g., between the cathode and the light-emitting 
layer. Various suitable hole blocking materials that can be 
included in the hole blocking layer are known to those skilled 
in the art. Suitable hole blocking material(s) include, but are 
not limited to, an optionally Substituted compound selected 
from the following: bathocuproine (BCP), 3,4,5-triphenyl-1, 
2,4-triazole, 3,5-bis(4-tert-butyl-phenyl)-4-phenyl-1,2,4 
triazole, 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline, 
and 1,1-bis(4-bis(4-methylphenyl)aminophenyl)-cyclohex 
a. 

In some embodiments, the light-emitting device can 
include an exciton blocking layer, e.g., between the light 
emitting layer and the anode. In one embodiment, the band 
gap of the material(s) that comprise exciton blocking layer is 
large enough to Substantially prevent the diffusion of exci 
tons. A number of suitable excitonblocking materials that can 
be included in the exciton blocking layer are known to those 
skilled in the art. Examples of material(s) that can compose an 
excitonblocking layer include an optionally Substituted com 
pound selected from the following: aluminum quinolate 
(Alds), 4,4'-bis(N-(naphthyl)-N-phenyl-aminobiphenyl 
(O-NPD), 4,4'-N,N'-dicarbazole-biphenyl (CBP), and batho 
cuproine (BCP), and any other material(s) that have a large 
enough band gap to Substantially prevent the diffusion of 
excitons. 

In some embodiments, the light-emitting device can 
include a hole injection layer, e.g., between the light-emitting 
layer and the anode. Various Suitable hole injection materials 
that can be included in the hole injection layer are known to 
those skilled in the art. Exemplary hole injection material(s) 
include an optionally Substituted compound selected from the 
following: a polythiophene derivative Such as poly(3,4-eth 
ylenedioxythiophene (PEDOT)/polystyrene sulphonic acid 
(PSS), a benzidine derivative such as N.N.N',N'-tetraphenyl 
benzidine, poly(N,N'-bis(4-butylphenyl)-N,N'-bis(phenyl) 
benzidine), a triphenylamine or phenylenediamine derivative 
such as N,N'-bis(4-methylphenyl)-N,N'-bis(phenyl)-1,4- 
phenylenediamine, 4,4',4'-tris(N-(naphthylen-2-yl)-N-phe 
nylamino)triphenylamine, an oxadiazole derivative such as 
1,3-bis(5-(4-diphenylamino)phenyl-1,3,4-oxadiazol-2-yl) 
benzene, a polyacetylene derivative Such as poly(1.2-bis-ben 
Zylthio-acetylene), and a phthalocyanine metal complex 
derivative such as phthalocyanine copper. Hole-injection 
materials, while still being able to transport holes, may have 
a hole mobility substantially less than the hole mobility of 
conventional hole transport materials. 

Those skilled in the art would recognize that the various 
materials described above can be incorporated in several dif 
ferent layers depending on the configuration of the device. In 
one embodiment, the materials used in each layer are selected 
to result in the recombination of the holes and electrons in the 
light-emitting layer. 

Light-emitting devices comprising the compounds dis 
closed hereincan be fabricated using techniques known in the 
art, as informed by the guidance provided herein. For 
example, a glass Substrate can be coated with a high work 
functioning metal Such as ITO which can act as an anode. 
After patterning the anode layer, a light-emitting layer that 
includes at least a compound disclosed herein can be depos 
ited on the anode. The cathode layer, comprising a low work 
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functioning metal (e.g., Mg: Ag), can then be vapor evapo- -continued 
rated onto the light-emitting layer. If desired, the device can N 
also include an electron transport/injection layer, a hole N ( ) ( ) 
blocking layer, a hole injection layer, an exciton blocking 
layer and/or a second light-emitting layer that can be added to 5 N 
the device using techniques known in the art, as informed by 
the guidance provided herein. ( ) Br 
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N 

OC) () () () N 

C ( )-( )- 
Host 1 

2-(4-bromophenyl)-1-phenyl-1H-benzodimidazole 
(Compound 1) 

Compound 1 (Ge. Z.; Hayakawa, T.; Ando, S.; Ueda, M.: 
Akiike. T.; Miyamoto, H.: Kajita, T.: Kakimoto, M. Chem. 
Mater: 2008, 20(7), 2532-2537) was prepared as follows: to a 
chilled (ca. 0°C.), stirring solution of N-phenyl-o-phenylene 
1.2-diamine (21.41 g, 116.2 mmol) in anhydrous dichlo 
romethane (CHCl) (575 mL) was added 4-bromobenzoyl 
chloride (25.00 g, 113.9 mmol) portion-wise, followed by 
dropwise addition of triethylamine (EtN) (31.8 mL). The 
reaction was allowed to warm to room temperature and stir 
ring continued until TLC (SiO, 4:1 hexanes-ethyl acetate) 
indicated consumption of the starting material. Upon comple 
tion, the reaction was washed with water and brine, dried over 
MgSO filtered and concentrated in vacuo. The resulting 
crude was then dissolved in anhydrous 1,4-dioxane (500 mL) 
and heated to about 80°C. Upon completely dissolving, phos 
phorus oxychloride (31.2 mL, 335 mmol) was added to the 
Solution slowly via Syringe and the reaction then maintained 
at about 115°C. Upon completion (ca. 1 h), the solution was 
cooled to room temperature (RT) and poured over CHCl, 
(ca. 3 L) and washed with brine. The organics were then dried 
over MgSO filtered and concentrated in vacuo. Purification 
of the crude product by recrystallization from CH2Cl and 
hexanes provided Compound 1 (37.5 g.94%) as an off-white 
solid: confirmed by LCMS (APCI): calculated for 
CHBrN (M'.): 349: Found: 349. 

1-phenyl-2-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaboro 
lan-2-yl)phenyl)-1H-benzodimidazole (Compound 

2) 

A procedure from the literature Ge. Z.; Hayakawa, T.; 
Ando, S.; Ueda, M.; Akiike, T.; Miyamoto, H.: Kajita, T.; 
Kakimoto, M. Chem. Mater. 2008, 2007), 2532-2537) was 
modified as follows: a mixture of Compound 1 (36.00 g, 
103.1 mmol), bis(pinacolato)diboron (28.80 g, 113.4 mmol), 
1,1'-bis(diphenylphosphino)-ferrocenedichloropalladium 

(II) (3.771 g, 5.154 mmol), potassium acetate (30.35 g, 309.3 
mmol) and 1,4-dioxane (480 mL) was degassed with argon 
for about 1 h at about 40° C. while stirring. The reaction 
mixture was then maintained under argon at about 80° C. 
while stirring. Upon confirming consumption of the starting 
material by TLC (SiO, 9:1 hexanes-ethyl acetate), the reac 
tion was cooled to RT and poured over ethyl acetate (EtOAc) 
(ca. 1.6 L). The mixture was then filtered through a shortsilica 
gel plug (ca. /2 inch) and the filtrant washed copiously with 
EtOAc (ca. 200 mL). The combined organics were then 
washed with sat. NaHCO, water and brine, dried over 
MgSO filtered and concentrated in vacuo. Purification of the 
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crude product via flash chromatography (SiO, 4:1 to 1:1- 
hexanes:ethyl acetate) afforded Compound 2 (36.8 g.90%) as 
an off-white powder: confirmed by LCMS (APCI): calculated 
for CHBNO, (M+H"): 397: Found: 397. 

2-(2"-bromo- 1,1'2", 1"-terphenyl-4-yl)-1-phenyl 
1H-benzodimidazole (Compound 3) 

A mixture of Compound 2 (3.00 g, 7.57 mmol), 2,2'-di 
bromo-1,1'-biphenyl (4.72 g, 15.1 mmol), tetrakis(triph 
enylphosphine)palladium(0) (0.350g, 0.303 mmol), NaCO 
(3.18 g. 30.0 mmol), HO (30 mL) and tetrahydrofuran (THF) 
(50 mL) was degassed with argon for about 44 min while 
stirring. The reaction mixture was then maintained under 
argon at about 80°C. while stirring. Upon confirming con 
sumption of the starting material by TLC (SiO, 19:1- 
CHC1:acetone), the reaction was cooled to RT and poured 
over CHCl (ca. 250 mL). The organics were then washed 
with HO and brine, dried over MgSO filtered and concen 
trated in vacuo. The crude product was purified via flash 
chromatography (SiO, 100% CHCl to 39:1-CH.Cl:ac 
etone) to yield Compound 3 (2.34g, 62%) as an off-white 
foam: confirmed by LCMS (APCI): calculated for 
C.H. BrN (M): 501; Found: 501. 

N-(4-bromophenyl)-N-phenylnaphthalen-1-amine 
(Compound 4) 

Compound 4 DXu, H.; Yin, K. Huang, W. Chem. Eur: J. 
2007, 13(36), 10281-10293 was prepared as follows: a mix 
ture of N-phenylnaphthalen-1-amine (2.767g, 12.62 mmol), 
1-bromo-4-iodobenzene (7.140g, 25.24 mmol), tris(diben 
Zylideneacetone)dipalladium(0) (0.578 g., 0.631 mmol), tri 
tert-butylphosphine (10 wt.% in hexanes) (5.83 mL, 1.89 
mmol), sodium tert-butoxide (NaOtBu) (3.032 g, 31.55 
mmol) and anhydrous toluene (80 mL) was degassed with 
argon for about 40 min while stirring. The reaction mixture 
was then maintained under argon at about 85°C. while stir 
ring. Upon confirming consumption of the starting material 
by TLC (SiO, 100% hexanes), the reaction was cooled to RT 
and poured over EtOAc (ca. 300 mL). The organics were then 
washed with sat. NaHCO, H2O (2x) and brine, dried over 
MgSO filtered and concentrated in vacuo. Purification of the 
crude product via flash chromatography (SiO, 8:1-hexanes: 
CHCl) provided Compound 4 (2.93 g. 62%) as a white 
foam: confirmed by LCMS (APCI): calculated for 
CHBrN (M"): 374; Found: 374. 

N-phenyl-N-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaboro 
lan-2-yl)phenyl)naphthalen-1-amine (Compound 5) 

Compound 5 Shin, D.; Paek, W.; Choi, B., Kwon, O.; Kim, 
M.; Son, Y.; Han, E.; Song, J. U.S. Pat. Appl. Publ., 
20070276160, 29 Nov. 2007 was prepared as follows: a 
mixture of Compound 4 (2.54 g. 6.79 mmol), bis(pinacolato) 
diboron (3.62 g, 14.3 mmol), 1,1'-bis(diphenylphosphino)- 
ferrocenedichloropalladium(II) (0.298 g., 0.407 mmol), 
potassium acetate (2.00g, 20.4 mmol) and anhydrous toluene 
(50 mL) was degassed with argon for about 28 min while 
stirring. The reaction mixture was then maintained under 
argon at about 100° C. while stirring. Upon confirming con 
sumption of the starting material by TLC (SiO, 4:1 hexanes 
CHCl), the reaction was cooled to RT and poured over 
EtOAc (ca. 200 mL). The organics were thenwashed with sat. 
NaHCO, water and brine, dried over MgSO filtered and 
concentrated in vacuo. Purification of the crude product via 
flash chromatography (SiO2, 2:1 to 3:2-hexanes: CHCl to 
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100% CHCl) yielded Compound 5 (2.78g.97%) as a col 
orless foam: confirmed by LCMS (APCI): calculated for 
CHBNO (M--H"): 422; Found: 422. 

N-phenyl-N-(4"-(1-phenyl-1H-benzodimidazol-2- 
yl)-1,1':2", 1":2", 1"-quaterphenyl-4-yl)naphthalen 

1-amine (Host-1) 

A mixture of Compound 5 (0.588 g, 1.40 mmol), Com 
pound 3 (0.700 g, 1.40 mmol), tetrakis(triphenylphosphine) 
palladium(0) (64.5 mg, 55.8 umol), NaCO (0.530 g, 5.00 
mmol), H2O (5 mL) and 1,4-dioxane (25 mL) was degassed 
with argon for about 18 min while stirring. The reaction 
mixture was then maintained under argon at about 110° C. 
while stirring. Upon confirming consumption of the starting 
material by LCMS, the reaction was cooled to RT and poured 
over CHCl (ca. 300 mL). The organics were then washed 
with HO and brine, dried over MgSO filtered and concen 
trated in vacuo. The crude product was purified via flash 
chromatography (SiO2, 17:3-hexanes: acetone) and recrys 
tallization from CH-OH to afford Host-1 (0.97g, 85%) as an 
off-white solid: confirmed by LCMS (APCI): calculated for 
C.H.N. (M"): 716; Found: 716. 

Hos 

dioxane:water 
(5:1) 
(74%) CO 

O) () ( ) N 

HOST-2 

9-phenyl-3-(4"-(1-phenyl-1H-benzodimidazol-2- 
yl)-1,1':2", 1"-terphenyl-2-yl)-9H-carbazole (Host 

2) 

Following the procedure for Host-1, (9-phenyl-9H-carba 
Zol-3-yl)boronic acid (0.458 g, 1.60 mmol), Compound 3 
(0.800 g, 1.60 mmol), tetrakis(triphenylphosphine)palladium 
(0) (73.7 mg, 63.8 umol), NaCO (0.530g, 5.00 mmol), HO 
(5 mL) and 1,4-dioxane (25 mL) provided Host-2 (0.78 g. 
74%) as an off-white solid after flash chromatography (SiO, 
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17:3-hexanes: acetone) and recrystallization from methanol 
(CHOH): confirmed by LCMS (APCI): calculated for 
CHN (M): 664: Found: 664. 

Br 

1) SOCl, cat. DMF 
--- 

HO OH 

N 
(86%) 

NH 

NH 

POCl. 
-- 

1,4-dioxane 
(86%) 

Br 

NH 

NH 

Br C 
Nee 

N 
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Br 5-Bromo-N1,N3-bis(2-(phenylamino)phenyl)isoph 
thalamide (Compound 6) 

( ) ( ) * A mixture of 5-bromoisophthalic acid (15.0 g, 61.2 mmol) 
in thionyl chloride (60 mL) with 0.2 mL dimethylformamide 

Br (DMF) was heated to reflux overnight under argon. After 
2N Na2CO removing the excess thionyl chloride under reduced pressure, 
Pd(PPh3)4 50 the remaining liquid was dissolved in anhydrous CHCl (200 

N THF:HO (5:3) mL). To the solution was added N-phenyl-o-phenyldiamine 
(56%) (22.5 g. 122 mmol), followed by slow addition of triethy 

lamine (22.2 mL, 159 mmol) with ice-bath cooling. The mix 
ture was allowed to warm to RT overnight. The resulting 

B(OH)2 ss suspension was then diluted with CHCl (200 mL), filtered 
and the filtrant washed with CHCl to provide Compound 6 
(30.3 g, 86%) as an off-white solid: confirmed by LCMS 

( ) ( ) (APCI): calculated for CHBrNO (M"): 577: Found: 
N 577. 

60 

2,2'-(5-bromo-1,3-phenylene)bis(1-phenyl-1H-benzo 

C ( ) dimidazole) (Compound 7) Br 

To a suspension of Compound 6 (30 g, 52 mmol) in anhy 
65 drous 1,4-dioxane (300 mL), POCl (30.6 g., 18.6 mL, 200 

9 mmol) was added slowly with water bath cooling. The result 
ing mixture was then maintained at 100° C. After cooling to 

  



US 9,112,159 B2 
49 

room temperature, the mixture was poured into ice (ca. 300g) 
and neutralized with NaCO, followed by extraction with 
CHCl (2x300 mL). The organic phase was then washed 
with brine, dried over NaSO and concentrated in vacuo. To 
the mixture, acetonitrile (300 mL) was added and stirred, then 
filtered. The solid was collected and recrystallized in CHCl/ 
hexane to afford a white solid (18.9 g). The filtrant was 
purified by flash chromatography (SiO, 100% hexanes to 9:1 
to 4:1-hexanes/ethyl acetate). The main fraction was col 
lected and concentrated to give additional product, white 
solid (5.17 g). Total amount is 24.1 g (86%); confirmed by 
LCMS (APCI): calculated for C.H. BrN. (Mt): 541: 
Found: 541. 

2,2'-(5-(4.4.5.5-tetramethyl-1,3,2-dioxaborolan-2- 
yl)-1,3-phenylene)bis(1-phenyl-1H-benzodimida 

zole) (Compound 8) 

A mixture of Compound 7 (10.0 g, 18.5 mmol), bis(pina 
colato)diboron (5.0g, 20 mmol), PdCl(dppf) (0.50 g. 0.68 
mmol) and potassium acetate (10.0 g, 102 mmol) in anhy 
drous 1,4-dioxane (300 mL) was degassed with Arand main 
tained at about 80° C. for about 30 hours. The mixture was 
then poured over ethyl acetate (300 mL) and the organics 
washed with brine, dried over NaSO and concentrated in 
vacuo. Purification of the crude by flash chromatography 
(SiO, 7:3-hexanes:CHCl) afforded Compound 8 (6.58 g. 
60%) as a light yellow solid: confirmed by LCMS (APCI): 
calculated for CsIBNO, (M+H"): 589: Found: 589. 

3-(2-bromo- 1,1'-biphenyl-2-yl)-9-phenyl-9H-car 
bazole (Compound 9) 

Following the procedure for Compound 3, (9-phenyl-9H 
carbazol-3-yl)boronic acid (1.84 g. 6.41 mmol), 2,2'-di 
bromo-1,1'-biphenyl (4.00 g, 12.8 mmol), tetrakis(triph 
enylphosphine)palladium(0) (0.296 g., 0.257 mmol), NaCO 
(2.54g, 24.0 mmol), HO (24 mL) and THF (40 mL) yielded 
Compound 9 (1.69 g, 56%) as a colorless solid after flash 
chromatography (SiO, 19:1-hexanes: CHCl): confirmed 
by LCMS (APCI): calculated for CHNBr (M): 474; 
Found: 474. 

3-(3".5'-bis(1-phenyl-1H-benzodimidazol-2-yl)-1, 
1":2", 1"-terphenyl-2-yl)-9-phenyl-9H-carbazole 

(Host-3) 

Following the procedure for Host-1, Compound 8 (0.992 g, 
1.69 mmol), Compound 9 (0.800 g, 1.69 mmol), tetrakis 
(triphenylphosphine)palladium(0) (77.9 mg, 67.5 umol), 
NaCO (0.530 g, 5.00 mmol), H2O (5 mL) and 1,4-dioxane 
(25 mL) yielded Host-3 (1.15g, 79%) as an off-white solid 
after flash chromatography (SiO, 100% CHCl to 19:1- 
CH.Cl:acetone): confirmed by LCMS (APCI): calculated 
for CHNs (M*): 856: Found: 856. 

Br 
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N ( ) ( ) Pd(PPh3)4 
dioxane:H2O (5:1) 

(75%) 

N ( ) ( ) \ O 

SN 

HOST-4 

5-bromo-N1,N3-bis(2-bromophenyl)isophthalamide 
(Compound 10) 

A mixture of 5-bromoisophthalic acid (10.0 g, 40.8 mmol) 
and cat. DMF (5 drops) in thionyl chloride (40 mL, 551 
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52 
mmol) was heated to reflux under Arovernight. After removal 
of the excess thionyl chloride under vacuum, the crude inter 
mediate was dissolved in anhydrous CHCl (200 mL). To the 
chilled (0°C.) solution was added 2-bromoaniline (14.0 g, 
81.6 mmol), followed by dropwise addition of triethylamine 
(15 mL). The resulting mixture was then stirred overnight and 
allowed to warm to RT. The suspension was then filtered and 
the filtrant washed with CHCl to afford crude Compound 10 
(20.3 g 90%) as an off-white solid: confirmed by LCMS 
(APCI): calculated for C.HBr N.O. (M"): 553; Found: 
553. 

2,2'-(5-bromo-1,3-phenylene)bis(benzodoxazole) 
(Compound 11) 

A mixture of Compound 10 (20.3 g 36.7 mmol), CuI 
(0.700 g, 3.67 mmol), CsCO, (23.9 g, 73.5 mmol), 1,10 
phenanthroline (1.32 g, 7.35 mmol) and 1,4-dioxane (300 
mL) was degassed with Arand then maintained at about 120° 
C. overnight. Upon confirming consumption of the starting 
material by TLC (SiO, 4:1 hexanes-ethyl acetate), the reac 
tion was cooled to RT and diluted with EtOAc (ca. 300 mL) 
and H2O (ca. 400 mL). The resulting Suspension was then 
filtered and the filtrant washed copiously with HO and 
CH-OH to provide Compound 11 (12.7 g. 88%) as an off 
white solid: confirmed by LCMS (APCI): calculated for 
C.H. BrNO, (M): 391: Found: 391. 

2,2'-(5-(4.4.5.5-tetramethyl-1,3,2-dioxaborolan-2- 
yl)-1,3-phenylene)bis(benzodoxazole) (Compound 

12) 

A mixture of Compound 11 (10.0g, 25.6 mmol), bis(pina 
colato) diboron (7.14 g. 28.1 mmol), 1,1'-bis(diphenylphos 
phino)-ferrocenedichloropalladium(II) (0.935 g, 1.28 
mmol), potassium acetate (7.53 g, 76.7 mmol) and 1,4-diox 
ane (125 mL) was degassed with Ar and then maintained 
under Ar at about 80° C. while stirring. Upon confirming 
consumption of the starting material by TLC (SiO, 4:1 hex 
anes-ethyl acetate), the reaction was cooled to RT and poured 
over EtOAc and brine. The mixture was then filtered and the 
filtrant washed copiously with HO to afford Compound 12 
(10.2g, 91%) as a grey solid: confirmed by LCMS (APCI): 
calculated for CHBN.O. (M--H): 439: Found: 439. 

2,2'-(2"-(9-phenyl-9H-carbazol-3-yl)1,1':2", 1"-ter 
phenyl-3,5-diyl)bis(benzodoxazole) (Host-4) 

Following the procedure for Host-1, Compound 9 (0.800 g, 
1.69 mmol), Compound 12 (0.739 g, 1.69 mmol), tetrakis 
(triphenylphosphine)palladium(0) (77.9 mg, 67.5 umol), 
NaCO (0.530 g. 5.00 mmol), HO (5 mL) and 1,4-dioxane 
(25 mL) yielded Host-4 (0.89 g, 75%) as an off-white solid 
after flash chromatography (SiO, 1:1 to 3:1 to 9:1-CHCl2: 
hexanes): confirmed by LCMS (APCI): calculated for 
CHNO (M+H"): 707: Found: 707. 
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-( )-( )-( ) 
N 

( )-( )-(DO N 
C 

3-bromo-9-(p-tolyl)-9H-carbazole (Compound 13) 

Host-5 

To a solution of 9-p-tolyl-9H-carbazole (0.82g, 3.2 mmol) 
in dichloromethane (DCM)(30 mL) was added N-bromosuc 
cinimide (NBS) at about 0°C. The whole was stirred at about 
0° C. to about room temperature (RT) overnight. The result 
ing Solution was purified by flash column (silica gel, hexanes 
to hexanes/dichloromethane 8:1). After removal of solvent, a 
white solid (Compound 13) was obtained (1.0 gram, in 93% 
yield). 

3-(4.4.5.5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9- 
(p-tolyl)-9H-carbazole (Compound 14): The mixture 
of 3-bromo-9-(p-tolyl)-9H-carbazole (Compound 

13) 
(1.0 g, 3 mmol), bis(pinacolato)diboron (0.838 g, 3.3 

mmol), KOAc (0.588 g. 6 mmol) and Pd(dppf)C1 (0.11 g, 
0.15 mmol) in dioxane (20 mL), was degassed and heated at 
about 95°C. for about 5 hours. The resulting mixture was 
poured into ethyl acetate (200 mL), washed with brine, dried 

C 4-bromoiodobenzene 

-e- 

Pd(PPh3)4, 
B-O K2CO3,90 C. 
/ 44% 
O 

Compound 14 
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over NaSO loaded on silica gel, and purified by flash col 
umn (silica gel, hexanes/dichloromethane 9:1 to 4:1 to 3:1). 
The desired fractions were collected, after removal of sol 
vents, a white solid (Compound 14) was obtained (0.60 g, in 
52% yield). 

Host-5: 
A mixture of 3-(4.4.5.5-tetramethyl-1,3,2-dioxaborolan 

2-yl)-9-(p-tolyl)-9H-carbazole (Compound 14) (0.60 g, 1.57 
mmol), 2-(2"-bromo-1,1":2", 1"-terphenyl-4-yl)-1-phenyl 
1H-benzodimidazole (Compound 3) (0.78 g, 1.57 mmol), 
Pd(PPh) (0.092 g, 0.08 mmol) and CsCO, (0.977 g. 3 
mmol) in dioxane?water (50 mL/10 mL) was degassed and 
heated at about 100° C. overnight. The resulting mixture was 
poured into ethyl acetate (200 mL), washed with brine, dried 
over NaSO loaded on silica gel and purified by flash col 
umn (hexanes/dichloromethane 4:1 to dichloromethane to 
dichloromethane/ethyl acetate 50:1). The desired fraction 
was collected, concentrated and recrystallized in dichlo 
romethane/methanol to give a white solid (Host-5) (0.85g, in 
80% yield). Confirmed by LCMS (APCI+): calculated for 
CHN (M+H): 678: Found: 678. 

dioxane, 80 C. 
74.5% O 

Compound 15 
Br 

N 

Cy C. 
C 

B- O 

O 

Compound 16 
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Compound 3 or Pd(PPh3)4, K2CO3 
dioxane?water 

100 C. 
62% 

-( )-( )-( ) 
O 

3-(4-bromophenyl)-9-phenyl-9H-carbazole 
(Compound 15) 

A mixture of 9-phenyl-3-(4.4.5.5-tetramethyl-1,3,2-diox 
aborolan-2-yl)-9H-carbazole (Compound 14) (5.0 g, 13.5 
mmol), 4-bromoiodobenzene (10.76 g. 38 mmol), Pd(PPh.) 
(0.5g, 0.43 mmol) and potassium carbonate (KCO)(5.52g. 
40 mmol) in dioxane?water (80 mL/15 mL) was degassed and 
heated at about 100° C. overnight, then worked up with ethyl 
acetate/brine. The organic phase was collected, dried over 
NaSO, and purified by flash column (hexanes to hexane/ 
ethyl acetate 90:1). The main fraction was collected, concen 
trated, and a precipitate was filtered to give a white Solid 
(Compound 15) (2.35 g, in 44% yield). Confirmed by LCMS 
(APCI): calculated for CHBrN (M+H): 398: Found: 398. 

9-phenyl-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaboro 
lan-2-yl)phenyl)-9H-carbazole (Compound 16) 

a mixture of compound 19 (2.33 g, 5.85 mmol), bis(pina 
colate)diborane (1.524 g. 6 mmol), Pd(dppf)C1 (0.22 g, 0.3 
mmol) and potassium carbonate (3.0 g, 30 mmol) in dioxane 
(100 mL) was degassed and heated at about 80°C. overnight. 
The mixture was worked up with ethyl acetate/brine and the 
organic phase was collected, dried over Na2SO4, purified by 
flash column (hexanes to hexane/ethyl acetate 90:1 to 40:1 to 
30:1). The main fraction was collected, and white solid (Com 
pound 20) was obtained after removal of solvent (1.94 g. in 
74.5% yield). Confirmed by LCMS (APCI): calculated for 
CHBNO (M--H): 446; Found: 446. 

Host-6: 
A mixture of compound 20 (0.70 g, 1.57 mmol), 2-(2"- 

bromo- 1,1':2", 1"-terphenyl-4-yl)-1-phenyl-1H-benzod 
imidazole (Compound 3) (0.787 g, 1.57 mmol), Pd(PPh.) 
(0.115 g, 0.1 mmol) and CsCO, (0.977 g., 3 mmol) in diox 
ane?water (50 mL/10 mL) was degassed and heated at about 
100° C. overnight. The mixture was diluted with ethyl acetate 
(200 mL), washed with brine, dried over NaSO, loaded on 
silica gel and purified by flash column (hexanes/dichlo 
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Host-6 

romethane 4:1 to dichloromethane to dichloromethane/ethyl 
acetate 100:1). After removal of solvent, recrystallization in 
dichloromethane/methanol gave a white solid (Host-6) (0.72 
g, in 62% yield). Confirmed by LCMS (APCI+): calculated 
for CHN (M+H): 740; Found: 740. 

Physical Properties of Hosts 

Analytic Examples 

Measuring Charge Mobility 

The carrier mobility of an organic thin film was derived 
from the space charge limited current in the current-Voltage 
(IV) measurement based on the Mott's steady state SCLC 
model 

where e is the vacuum permittivity, e is the relative permit 
tivity of the organic layer, L is the carrier mobility of the 
organic layer, V is the Voltage bias and L is the thickness of the 
organic layer. 
To evaluate the electron and hole mobility of an organic 

layer, single-carrier devices (electron-only and hole-only 
devices) were made. Electron-only devices may have Al/or 
ganic layer/LiF/Al structure with Al as the anode and LiF/Al 
as the cathode. The LiF/Al electrode has a low work function 
(-2.6 eV) which can facilitate the injection of electrons into 
the lower lying LUMO of the organic layer. By contrast, Al 
has a relatively lower work function (4.28 eV) than the 
HOMO (5-6 eV) of the organic layer being investigated, 
which prevents the hole injection from the anode. Thus, only 
electrons are injected into the organic layer and the electron 
mobility may be measured as the only charge carrier in the 
organic layer. 
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The hole-only devices may have the ITO/PEDOT/organic 
layer/Al with ITO as the anode and Al as the cathode. The 
high work function of PEDOT (5.2-5.4 eV) facilitates hole 
injection from the anode into the organic layer. By contrast, 
the work function (4.28 eV) of Al is higher than the LUMO of 
the organic layer (2-4 eV), which prevented electron injec 
tion from the cathode. Thus, only holes are injected into the 
organic layer, and the hole mobility may be measured as the 
only charge carrier in the organic layer. 

Fabrication of electron-only device: A layer of Al was first 
deposited at a deposition rate of 0.3 nm/s upon a glass Sub 
strate (110 nm), the substrate having been cleaned by ultra 
Sound in acetone, and consecutively in 2-propanol, then 
baked at 110° C. for about 3 hours, followed by treatment 
with oxygen plasma for about 30 min. In a glove-box hosted 
vacuum deposition system at a pressure of 107 torr (1 
torr-133.322 Pa), Host-2 was then deposited on top of the Al 
layer at deposition rate of 0.1 nm/s, yielding a 100 nm thick 
film. LiF (1 nm) and Al (100 nm) were then deposited at a 
deposition rates of 0.015 nm/s and 0.3 nm/s, respectively. 

Fabrication of hole-only device: the ITO coated glass sub 
strate (110 nm) was cleaned by ultrasound in acetone, and 
consecutively in 2-propanol, baked at 110° C. for about 3 
hours, followed by treatment with oxygen plasma for about 
30 min. A layer of PEDOT:PSS (HIL 1.1 purchased from 
H.C. Starck) was spin-coated at 4000 rpm onto the pre 
cleaned and O-plasma treated (ITO)-substrate and annealed 
at about 180° C. for about 10 min, yielding a thickness of 
around 30 nm. In a glove-box hosted vacuum deposition 
systemata pressure of 107 torr, Host-2 was first deposited on 
top of PEDOT/PSS layer at deposition rate of 0.1 nm/s, yield 
ing a 100 nm thick film. Al was then deposited at a deposition 
rate of 0.3 nm/s. Each individual device had areas of about 
0.08 cm. 

Photoluminescence (PL) spectra were recorded on a Fluo 
roMax-3 fluorescence spectrophotometer (Horiba Jobin 
Yvon, Edison, N.J., USA). 2-Methyltetrahydrofuran 
(2-MeTHF) (Aldrich, spectroscopic grade) was used as 
received. 2 M (2 mg of sample/1 mL of 2-MeTHF) was 
prepared and then transferred to quartz tube prior to measure 
ment. Then, the sample was frozen by liquid nitrogen at 77K. 
A phosphorescent emission spectrum was recorded and the 
highest-energy vibronic band was determined to calculate 
triplet (T1) energy level. 

Cyclic voltammetry (CV) experiments were performed 
with a LAuto-lablI potentiostat (Eco Chemie Metrohm Auto 
lab B.V., Utrecht, the Netherlands). All measurements were 
carried out at room temperature with a conventional three 
electrode configuration, e.g., a glassy carbon working elec 
trode, a platinum auxiliary electrode, and a nonaqueous 
Ag/AgCl reference electrode. A 15 mL 10 MHT-1 from 
0.1M tetrabutylammonium hexafluorophosphate, nBuPF 
DMF sample solution was prepared at room temperature and 
prior to measurement, the Solution was purged under argon 
for 5 mins. Then anodic potential up to 1.6 V (enough poten 
tial to contain oxidation potential of HT-1) A 1.5V potential 
was applied to this test sample resulting in a test sample 
oxidation potential figure. Scan rate used was 100 mV/s. 
About 1.0 mg of ferrocene/ferrocenium was then added to the 
test sample at the end of each measurement for calibration and 
the oxidation potential measured again. From these oxidation 
potential spectra, the E2 values were determined as /2(E,"+ 
E.), where E." and E, are the anodic and cathodic peak 
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60 
potentials, respectively. HOMO (Highest occupied molecular 
orbital) energy was calculated by adding the determined 
shifted E/2 value with reference to ferrocene (4.8 eV). 
A 10 mL 10M analyte, e.g., Host-1, chloroform (CHCI) 

solution was analyzed with a Cary 50 spectrophotometer 
(Varian, Inc. Agilent Technologies, Santa Clara, Calif., 
USA). Analyzing an absorption as a function of wavelength 
plot provided an observed optical onset (eV), providing an 
estimated Optical band gap value, Eg (Opt). LUMO (lowest 
unoccupied molecular orbital) energy was determined from 
the relation, Eg (Opt)=HOMO-LUMO. 

Subsequently, the values for Host-2, Host-3, and Host-4 
were determined in a similar manner to that described in 
example immediately above. The results are reported below 
in Table 1. 

TABLE 1 

solution Film 

Cl Cl 

peak peak HOMO LUMO Tg T1 

(nm) (nm) (eV) (eV) (C.) (eV) 1, le 

Host-1 433 422 -5.37 -2.17 117 24 1.65 x 3.0 x 

10-5 10-6 

Host-2 412 403 -5.66 -2.16 122 2.59 13 x 5.4 x 

10-7 10-7 
Host-3 401 404 -5.68 -2.15 151 2.72 1.4 x 1.2 x 

10-7 10-5 
Host-4 431 416 -5.64 -24 145 2.65 8.5 x 4.7 x 

10-6 10-7 

8.3 Device Configuration 
Fabrication of Light-Emitting Device: 
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A device as set forth in FIG. 1 was fabricated as follows. 
The ITO substrates having sheet resistance of about 14 ohm/ 
sq were cleaned ultrasonically and sequentially in detergent, 
water, acetone and then IPA; and then dried in an oven at 
about 80° C. for about 30 min under ambient environment. 
Substrates were thenbaked at about 200° C. for about 1 hour 
in an ambient environment, then under UV-OZone treatment 
for about 30 minutes. PEDOT:PSS (hole-injection material) 
was then spin-coated onto the annealed Substrate at about 
4000 rpm for about 30 sec. The coated layer was then baked 
at about 100° C. for about 30 minin an ambient environment, 
followed by baking at about 200° C. for about 30 min inside 
a glove box (N environment). The Substrate was then trans 
ferred into a vacuum chamber, where N,N'-bis(naphthalen-1- 
yl)-N,N'-bis(phenyl)-2,2'-dimethylbenzidine (a-NPD hole 
transporting material) was vacuum deposited at a rate of 
about 0.1 nm/s under a base pressure of about 2x107 torr. 
YE-01 (10 wt %) was co-deposited as an emissive layer with 
Host-1 host material at about 0.01 mm/s and about 0.10 nm/s, 
respectively, to make the appropriate thickness ratio (about 30 
nm). 1,3,5-tris(1-phenyl-1H-benzimidazol-)2-yl)benzene 
(TPBI) is then deposited at about 0.1 nm/s rate on the emis 
sive layer, yielding a layer of about 30 nm. A layer of lithium 
fluoride (LiF) (electron injection material) was deposited at 
about 0.002 nm/s rate followed by deposition of the cathode 
as Aluminium (Al) at a rate of about 0.3 nm/s. The represen 
tative device structure was: ITO (about 150 nm thick)/PE 
DOT:PSS (about 30 nm thick)/NPB (about 30 nm thick)/ 
Host-1:YE-01 (about 30 nm thick)/TPBI (about 30nm thick)/ 
LiF(about 1.0 nm thick)/A1 (about 100 nm thick). The device 
was then encapsulated with a getter attached glass cap to 
cover the emissive area of the OLED device in order to protect 
from moisture, oxidation or mechanical damage. 

Device B (FIG. 2) was constructed in a similar to Device A, 
except that TcTA was deposited instead of NPB, and tris(1- 
phenylpyridine)(acetylacetonate)iridium (III) ("Ir(ppy).) 
(10 wt %) was co-deposited as an emissive layer with Host-2 
host material at about 0.01 mm/s and about 0.10 nm/s, respec 
tively, to make the appropriate thickness ratio (about 30 nm). 

Each individual device has an area of about 0.16 cm. 
Device Performance of Device B was evaluated by mea 

Suring the current density and luminance as a function of the 
driving voltage, as shown in FIG. 3. The turn-on voltage for 
the device was about 4.17V and 5.34 V at about 1,000 cd/m 
and 10,000 cd/m, respectively. The luminous efficiency (44 
lm/W) and power efficiency (60 cd/A) of the device at 1000 
cd/m were determined as a function of luminescence (FIG. 
4). A device efficiency of 17% was higher than expected, and 
demonstrates that Host-2 may be useful as host materials in a 
light emitting device. 

Unless otherwise indicated, all numbers expressing quan 
tities of ingredients, properties such as molecular weight, 
reaction conditions, and so forth used in the specification and 
claims are to be understood as being modified in all instances 
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62 
by the term “about.” Accordingly, unless indicated to the 
contrary, the numerical parameters set forth in the specifica 
tion and attached claims are approximations that may vary 
depending upon the desired properties sought to be obtained. 
At the very least, and not as an attempt to limit the application 
of the doctrine of equivalents to the scope of the claims, each 
numerical parameter should at least be construed in light of 
the number of reported significant digits and by applying 
ordinary rounding techniques. 
The terms “a,” “an,” “the' and similar referents used in the 

context of describing the invention (especially in the context 
of the following claims) are to be construed to cover both the 
singular and the plural, unless otherwise indicated herein or 
clearly contradicted by context. All methods described herein 
can be performed in any suitable order unless otherwise indi 
cated herein or otherwise clearly contradicted by context. The 
use of any and all examples, or exemplary language (e.g., 
“such as”) provided herein is intended merely to better illu 
minate the invention and does not pose a limitation on the 
Scope of any claim. No language in the specification should 
be construed as indicating any non-claimed element essential 
to the practice of the invention. 

Groupings of alternative elements or embodiments dis 
closed herein are not to be construed as limitations. Each 
group member may be referred to and claimed individually or 
in any combination with other members of the group or other 
elements found herein. It is anticipated that one or more 
members of a group may be included in, or deleted from, a 
group for reasons of convenience and/or patentability. When 
any such inclusion or deletion occurs, the specification is 
deemed to contain the group as modified thus fulfilling the 
written description of all Markush groups used in the 
appended claims. 

Certain embodiments are described herein, including the 
best mode known to the inventors for carrying out the inven 
tion. Of course, variations on these described embodiments 
will become apparent to those of ordinary skill in the art upon 
reading the foregoing description. The inventor expects 
skilled artisans to employ Such variations as appropriate, and 
the inventors intend for the invention to be practiced other 
wise than specifically described herein. Accordingly, the 
claims include all modifications and equivalents of the Sub 
ject matter recited in the claims as permitted by applicable 
law. Moreover, any combination of the above-described ele 
ments in all possible variations thereof is contemplated unless 
otherwise indicated herein or otherwise clearly contradicted 
by context. 

In closing, it is to be understood that the embodiments 
disclosed herein are illustrative of the principles of the claims. 
Other modifications that may be employed are within the 
scope of the claims. Thus, by way of example, but not of 
limitation, alternative embodiments may be utilized in accor 
dance with the teachings herein. Accordingly, the claims are 
not limited to embodiments precisely as shown and 
described. 
What is claimed is: 
1. A host compound for use in emissive elements of organic 

light emitting devices, the compound being represented by a 
formula: 

wherein Ph' and Ph are independently optionally substi 
tuted o-phenylene; and 

HT is optionally substituted 4-(phenylcarbazolyl)phenyl: 
and 

ET is optionally substituted benzimidazol-2-yl, optionally 
substituted benzimidazol-2-ylphenyl, optionally substi 
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tuted di(benzimidazol-2-yl)phenyl, optionally substi 
tuted benzothiazol-2-ylphenyl, optionally substituted 
benzoxazol-2-ylphenyl, optionally substituted di(ben 
Zoxazol-2-yl)phenyl, optionally substituted 3,3'-bipyri 
din-5-yl, optionally Substituted quinolin-8-yl, option 
ally substituted quinolin-5-yl, or optionally substituted 
quinoxalin-5-yl. 

2. A host compound for use in emissive elements of organic 
light emitting devices, the compound being represented by a 
formula: 

HT-Phil-Ph2-ET 

wherein Ph' and Ph are independently optionally substi 
tuted o-phenylene; 

HT is optionally substituted phenylcarbazolyl, optionally 
substituted (phenylcarbazolyl)phenyl, optionally substi 
tuted 4-(phenylnaphthylamino)phenyl, or optionally 
Substituted 4-(diphenylamino)phenyl; and 
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wherein ET is optionally substituted di(benzimidazol-2- 

yl)phenyl. 
3. A host compound forusein emissive elements of organic 

light emitting devices, the compound being represented by a 
formula: 

HT-Ph-Ph2-ET 

wherein Ph' and Ph are independently optionally substi 
tuted o-phenylene; 

HT is optionally substituted phenylcarbazolyl, optionally 
substituted (phenylcarbazolyl)phenyl, optionally substi 
tuted 4-(phenylnaphthylamino)phenyl, or optionally 
Substituted 4-(diphenylamino)phenyl; and 

wherein ET is optionally substituted di(benzoxazol-2-yl) 
phenyl. 


